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Abstract
Handwriting difficulties affect 10% to 30% of children in elementary school often hindering
their successful participation in a number of occupations, including academic participation.
Occupational therapists provide treatments for handwriting difficulties; however, many of these
interventions have limited to no evidence to support their effectiveness. One of these
interventions is the use of a slant board, a treatment strategy often combined with handwriting
practice. Clinicians commonly combine the use of slant boards and handwriting practice to
facilitate the development of handwriting skills in young children. However, the effectiveness of
this combination of interventions in improving the quality of handwriting remains unclear. The
aim of this study was to investigate the difference in the change of letter formation scores in
children who have practiced handwriting on slant boards compared with those who have
practiced on a horizontal surface. A randomized block design was employed. Children entering
the second through third grades who participated in a 19-day summer enrichment program were
recruited via mailed recruitment letters and/or email. Twenty-one children were enrolled.
Children were blocked by classroom and randomly assigned to a group that practiced
handwriting on a slant board or a group that practiced on a horizontal surface. Children
completed a total of 15 group sessions lasting 15 minutes each. These sessions occurred 3 to 5
days a week over the course of 4 weeks. During these sessions, they practiced writing letters and
words utilizing the Handwriting Without Tears curriculum. There was no significant difference
in average group change in letter formation performance as determined by independent samples t
test. Children with below average handwriting at baseline made statistically significant changes
in their handwriting, regardless of writing surface, when compared with their peers that was
identified by secondary analyses.
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Chapter 1: Introduction
Background
Handwriting is a complex and important skill that is utilized during a variety of
occupations, most notably academic participation. In a sample of over 400 children taken from a
population of Norwegian children, 30% of children were found to have handwriting difficulties
by the time they reached second grade (Karlsdottir & Stefansson, 2002). This finding is
significant as limitations in handwriting can negatively influence occupational performance.
Handwriting difficulties may impede a child from fully and accurately expressing his/her
knowledge, limiting successful participation in occupations as well as negatively affecting selfesteem (Feder & Majnemer, 2007; Malloy-Miller, Polatajko, & Anstett, 1995). A variety of
interventions are utilized to treat handwriting difficulties; however, it remains unclear which
interventions or combination of interventions are most effective.
Investigators who evaluated interventions that target improving handwriting in children
have focused on the effects of handwriting curricula and intervention packages. These
treatments commonly incorporate multiple strategies, including sensorimotor activities, multisensory handwriting practice, and cognitive strategies (Mackay, McCluskey, & Mayes, 2010;
Peterson & Nelson, 2003; Roberts, Derkach-Ferguson, Siever, & Rose, 2014; Weintraub, Yinon,
Hirsch, & Parush, 2009; Zwicker & Hadwin, 2009). The use of top-down approaches or those
that involve handwriting to treat handwriting deficits is supported in the literature (Hoy, Egan, &
Feder, 2011). Conversely, bottom-up interventions or those aimed at improving underlying
deficits, such as visual-motor integration skills or kinesthesia have not been found to be effective
for improving handwriting when used in isolation (Denton, Cope, & Moser, 2006; Sudsawad,
Trombly, Henderson, & Tickle-Degnen, 2002).
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Therapists continue to combine theories and strategies even though there is a lack of
consensus and/or insufficient evidence to support the use of these eclectic approaches (Feder,
Majnemer, & Synnes, 2000; Hoy et al., 2011; Van Der Merwe, Smit, & Vlok, 2011). As
occupational therapists continue to combine multiple bottom-up strategies when treating
handwriting difficulties, it is imperative that these strategies be assessed to determine their
effectiveness. One strategy often combined with handwriting practice is the use of a slant board.
This intervention is rooted in the notion that completing paper-and-pencil activities on a slanted
surface allows the wrist to be optimally positioned to support control of the digits (Benbow,
2006). This intervention is thought to ultimately lead to improved handwriting (Benbow, 2006).
Although slant boards are described in textbooks (Amundson, 2005; Myers, 2006) and utilized
by clinicians, there is a paucity of research to support their use. The dissertation study focused on
determining the effectiveness of embedding a slant board in a top-down approach to handwriting
intervention.
Statement of the Problem
Despite the common use of slant boards in combination with handwriting practice to
improve letter formation in young children, the effectiveness of the combination of these
interventions in improving handwriting function remains unclear.
Purpose of The Dissertation Study
The purpose of this study was to determine the effects of combining handwriting practice
with the use of a slant board on the letter formation of children with difficulties in academic
participation.
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Aim and Hypothesis
Functional handwriting or handwriting that supports optimal participation in occupations
involving handwriting is dependent on both legibility and speed (Feder & Majnemer, 2007).
While a number of investigators using handwriting intervention have reported improvements in
children’s legibility, they generally have not found improvements in speed (Hoy et al., 2011).
Hoy et al. (2011) suggested improvements in handwriting legibility may precede increases in
speed. Therefore, handwriting legibility was the focus of this study. The specific aspect of
legibility that was assessed is letter formation. Changes in letter formation, utilizing an overall
standard score that encompassed several domains of handwriting, including near-point copying,
writing from dictation, and writing the alphabet from memory, was investigated in the
dissertation study.
The aim of this study was to investigate the difference in letter formation performance in
children who practiced handwriting on slant boards compared with those who practiced on a
horizontal surface. The associated research question was the following: In children in the second
and third grades with difficulties in academic participation, to what extent were changes in letter
formation performance different for children who practiced handwriting on a slant board
compared with those who practiced on a horizontal surface?
1.

H0: There will be no difference in the change of letter formation performance
between children who practice handwriting on a slant board and those who practice
on a horizontal surface.

2. H1: Children who practice handwriting on a slant board will have a greater change in
letter formation performance than children who practice on a horizontal surface.
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Definitions of Variables
The following terms are defined to provide clarity when interpreting the dissertation
study:


Bottom-up approach. Process-oriented interventions that target the client factors and
performance skills thought to be associated with handwriting dysfunction.



Children with difficulties in academic participation. Children who have been
struggling in school per the report of their parent or guardian.



Dosage. Intensity (minutes per session), frequency (sessions per week), and duration
(days of treatment) of the intervention.



Distal control. The ability to precisely coordinate finger movements.



Handwriting. “The process of forming letters, figures, or other significant symbols”
(Ziviani & Wallen, 2006, p. 217).



Handwriting performance components. Performance components include rate as well
as aspects of handwriting that relate to legibility, including form, alignment, size, and
spacing of letters.
o Rate. The speed at which letters are written.
o Form. The continuity at the points of connection for the strokes of the letter.
In other words, the extent to which the letter has gaps or overlaps.
o Alignment. The distance of the letter from the solid baseline when writing on
lined paper.
o Size. The size of the letter relative to the lines that must be touched by the
letter when writing on lined paper.
o Space. The amount of space between letters within a word.
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Handwriting practice. The supervised completion of paper-and-pencil handwriting
activities that includes the use of self-assessment. Handwriting practice includes
elements of instruction in the form of demonstration of correct letter formation and
correction of mistakes.



Handwriting quality. A condition or value describing the appearance of handwriting.



Horizontal surface. A standard desk or table-top writing surface that is parallel to the
floor.



Legibility. The readability of handwriting (Tomcheck & Schneck, 2006).



Letter formation. The extent to which letters are formed correctly. This formation
includes orientation, closure, strokes attached in correct places, proportions of
components of letter, and the extent to which the letter is recognizable out of context
(Milone, 2007; Tomcheck & Schneck, 2006).



Near-point copying. Copying from a model that is in close proximity (Tomcheck &
Schneck, 2006). In the case of the dissertation study, the model was on the same
piece of paper that participants wrote on.



Occupations. “Everyday life activities.” (American Occupational Therapy
Association [AOTA], 2014, p. 1)



Slant board. A surface positioned at an angle of approximately 20 degrees for the
purposes of promoting proper position of the wrist during paper and pencil activities.



Top-down approach. Interventions targeting improved occupational performance for
a specific occupation (rather than targeting specific client factors or performance
skills). For the purposes of this study, interventions that target handwriting through
the practice of handwriting.
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Writing. “The composition and content of the material that is handwritten.” (Ziviani
& Wallen, 2006, p. 226).
Rationale for Study

Handwriting dysfunction in children is a common problem (Karlsdottir & Stefansson,
2002). Occupational therapists employ a variety of interventions to improve handwriting
(Giroux, Woodall, Weber, & Bailey, 2012; Van Der Merwe et al., 2011), yet there is insufficient
evidence to support the effectiveness of many of these interventions (Hoy et al., 2011).
Evaluating the effectiveness of manualized, theory-driven occupational therapy interventions is a
priority in the field of occupational therapy (AOTA & American Occupational Therapy
Foundation [AOTF], 2011).
Variation in multiple elements of handwriting intervention protocols described in the
literature prevents a full understanding of which variables or combination of variables cause
significant change. While top-down approaches have been shown to improve handwriting (Hoy
et al., 2011), the effect of including supporting bottom-up strategies in these interventions
remains unclear. For example, completing various visual motor activities on a slant board is
considered a bottom-up intervention as it aims to allow for improved distal control by facilitating
proper wrist position (Myers, 2006). While the use of slant boards during handwriting practice is
described in occupational therapy literature (Amundson, 2005; Myers, 2006), the effectiveness of
the intervention has not been established. The dissertation study will contribute to the literature
by providing evidence regarding the effectiveness of the use of a slant board in combination with
handwriting practice.
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Assumptions of the Dissertation Study
Two assumptions were present throughout the course of the dissertation study.
Information regarding conformity with these assumptions is reported in Chapter 3 to assist in the
interpretation of data. The first assumption was that children would miss no more than three
intervention sessions. The second assumption was that the teachers and the primary investigator
(PI) would adhere to intervention requirements (see Appendix A). Non-adherence would have
threatened the reliability of the intervention and, therefore, the internal validity of the dissertation
study.
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Chapter 2: Selected Review of the Literature
Handwriting
Handwriting has been defined as “the process of forming letters, figures, or other
significant symbols, predominantly on paper” (Ziviani & Wallen, 2006, p. 217). Handwriting is
a complex process thought to be a product of a constant interaction between higher-level
cognitive processes, such as working memory, and lower-level perceptual-motor skills
(Jongmans, Linthorst-Bakker, Westenberg, & Smits-Engelsman, 2003; Weintraub & Graham,
1998). Handwriting commonly supports engagement in a variety of occupations, including
completing academic work, filling out applications, taking notes, writing lists, writing a message
to another, or filling out a check (Feder & Majnemer, 2007; Santangelo & Graham, 2016).
Handwriting and Academic Performance
Handwriting is an integral component of a child’s school day with children spending up
to 60% of their time engaging in fine motor tasks, including handwriting (Hammerschmidt &
Sudsawad, 2004; Marr, Cermak, Cohn, & Henderson, 2003). The correlation between
handwriting skills and academic performance is supported in the literature (Dinehart, 2014;
Dinehart & Manfra, 2013; Puranik & AlOtaiba, 2012). Poor handwriting may cause limitations
in written expression. Also, handwriting dysfunction may prevent children from experiencing
components of written language that are important for learning and development (James &
Engelhardt, 2012).
Limitations in written expression. Handwriting accounts for 53% of the variance in
writing scores, suggesting that handwriting quality supports the occupation of writing (Graham,
Harris, & Fink, 2000; Jones & Christensen, 1999). Puranik & AlOtaiba (2012) conducted a
study of academic skills in kindergarteners. They found that handwriting and spelling
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significantly influenced written expression while oral language and reading skills did not.
Theoretically, increases in handwriting automaticity (forming letters without having to think
about letter formation) permit attentional resources to support other cognitive processes in
writing (Graham et al., 2000; Medwell, Strand, & Wray, 2009), allowing for clearer expression
of knowledge during occupations involving writing. In other words, as children have concentrate
less on the formation of a letter, they have the capacity to concentrate more on writing
components, such as sentence and paragraph structure. Decreased automaticity of handwriting
and associated writing limitations can overshadow the child’s actual understanding of a subject
(Feder & Majnemer, 2007) and may contribute to teachers developing a negative opinion of a
student’s work (Roston, Hinojosa, & Kaplan, 2008). Moreover, a deficit that influences a child’s
performance across so many occupations is likely to have a detrimental effect on self-esteem
and/or behavior (Feder & Majnemer, 2007; Malloy-Miller et al., 1995).
Correlations with learning and development. Handwriting is thought to play an
important role in learning and development (Dinehart, 2014; Feder, Majnemer, Bourbonnais,
Blayney, & Morin, 2007; James & Engelhardt, 2012; Mueller & Oppenheimer, 2014). James and
Engelhard (2012) found that handwriting, but not tracing or typing, was associated with the
activation of a neural circuit associated with reading as measured by the percent of bloodoxygen-level-dependent signal changes on functional magnetic resonance imaging scans. Mean
percent signal change was found to be greater in printing letters compared with typing letters,
t(14) = 5.6, p < .0001, d = 1.5, and in printing letters compared with tracing letters, t(14) = 4.3, p
< .001, d = 1.2. Mueller and Oppenheimer (2014) found students retained more lecture
information with the use of handwritten notes as opposed to typing. Mean z scores of answers to
conceptual-application questions were significantly worse in students who typed notes (M = -
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0.156, SD = 0.915) than those who took handwritten notes (M = 0.154, SD =1.08), F (1,55) =
9.99, p = .03. In other words, students who took handwritten notes scored better on test
questions that required applying the concepts learned in class when compared with their peers
who typed their notes. These studies show that handwriting remains an important skill that
influences learning. Moreover, results indicate that efforts should be made to facilitate the use of
handwriting rather than fully modifying the task with handwriting alternatives, such as typing or
voice recognition software.
Function and Dysfunction
Functional handwriting performance requires that written work be completed in an
appropriate timeframe and that the product be readable to relevant stakeholders (Ziviani &
Wallen, 2006). Therefore, both speed and letter legibility contribute to functional handwriting
(Feder & Majnemer, 2007; Ziviani & Wallen, 2006). Letter legibility is frequently deconstructed
into components of letter formation, spacing, size, slant, and line alignment (Amundson, 2005;
Feder & Majnemer, 2007; Hammerschmidt & Sudsawad, 2004; Ziviani & Wallen, 2006).
Handwriting is considered to be dysfunctional when letters cannot be written legibly within the
time demands of the occupation, rendering the writing unreadable (Ziviani & Wallen, 2006).
Factors Associated with Function and Dysfunction
Factors that have been associated with poor handwriting include higher level cognitive
processes, such as poor organizational skills, executive functioning, and lower level client
factors, including visual-perception, visual-motor integration, in-hand manipulation, strength,
proprioception, and distal control (Cornhill & Case-Smith, 1996; Engel-Yeger & Rosenblum,
2010; Rosenblum, Aloni, & Josman, 2010; Volman, van Schendel, & Jongmans, 2006; Yu,
Howe, & Hinojosa, 2012). It is unclear if gender plays a role in legibility. One study indicated
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that boys were overrepresented in groups of children with below average handwriting (Vlachos
& Bonoti, 2006) while another researcher suggested there was no difference in legibility between
boys and girls (Schwellnus et al., 2012). The extent to which each individual factor contributes
to handwriting remains unclear as researchers investigating the relationships between
handwriting and the aforementioned factors have produced inconsistent results (Wallen, Duff,
Goyen, & Froude, 2013). Because of the multifaceted nature of handwriting deficits,
occupational therapy’s holistic approach to understand and treat dysfunction is well positioned to
facilitate improved participation in activities involving handwriting.
Occupational Therapy
The American Occupational Therapy Association (2014) defines occupational therapy as
“The therapeutic use of everyday life activities (occupations) with individuals or groups for the
purpose of enhancing or enabling participation in roles, habits, and routines in home, school,
workplace, community, and other settings” (p. 1). The goal of occupational therapy is to
improve performance in occupations that are meaningful and important to a client, which may
include activities of daily living, instrumental activities of daily living, education, work, leisure,
play, and social participation (AOTA, 2014). For children, occupational therapy may aim to
improve handwriting, a complex and important skill that supports occupational performance in
the area of education (Amundson, 2005).
Theory
The profession of occupational therapy maintains various levels of theory ranging from
the general philosophy and values of the field to domain-specific practice guidelines (Cole &
Tufano, 2008). The overarching paradigm for the discipline of occupational therapy is described
in the American Occupational Therapy Association’s (2014) Occupational Therapy Practice
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Framework as being holistic, client centered, and systems oriented. Within this paradigm, a
number of overarching theories have been created that focus on explaining the relationship
between a person, environment, and occupation. Used in conjunction with these overarching
theories, frames of reference structure knowledge to guide evaluation and treatment in specific
populations or disabilities (Cole & Tufano, 2008). The person-environment-occupation model
(PEO; Law et al., 1996) and the biomechanical frame of reference informed this dissertation
study.
The Person-Environment-Occupation Model
The PEO model is a client-centered model rooted in theoretical concepts from
environmental psychology, sociology, and anthropology (Law & Dunbar, 2007).

The central

hypothesis of the theory indicates that occupational performance is dependent on the
transactional relationship between the person, occupation, and the environment (Law et al.,
1996). The model considers the person to be comprised of self-concept, personality, cultural
background, general health, and personal competencies, including motor, sensory, and cognitive
abilities (Law et al., 1996). The term environment includes cultural, socio-economic,
institutional, physical, and social contexts (Law et al., 1996). Law et al. (1996) defined
occupation as “groups of self-directed, functional tasks and activities in which a person engages
over the lifespan.” (p. 16). Finally, occupational performance is considered the person’s
dynamic experience of the outcome of the interaction between person, occupation, and
environment.
The PEO model indicates that changing aspects of the person, environment, or
occupation increases the fit between these three components and, therefore, improves
occupational performance. This model is in contrast with the medical model, utilized by
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occupational therapists in the mid-1900s, which often focused on improving specific components
of the person without consideration for the environment and occupation (Cole & Tufano, 2008).
For example, if a person presented with handwriting difficulties and limitations in grip strength,
occupational therapy rooted in the medical model would target hand strength through hand
strengthening exercises outside of the context of handwriting. Treatment rooted in the PEO
model may focus on the component of strength but would incorporate the occupation of
handwriting into the treatment. For example, children may be asked to practice forming a letter
by dragging a pencil through modeling clay. The resistance of the clay would provide a
mechanism for increasing strength within the context of a handwriting task. As a second
example, the therapist may modify the environment by allowing a child to use a pen instead of a
pencil if the child was not able to generate adequate force on the pencil.
The PEO model indicates how the relationship between person, environment, and
occupation influences occupational performance; however, more specific frames of reference are
often needed to identify appropriate assessment and treatment techniques. A number of frames
of reference may be used in conjunction with the PEO model. In this dissertation study, the slant
board intervention is best understood through the application of the biomechanical frame of
reference.
Biomechanical Frame of Reference
The biomechanical frame of reference “applies the principles of physics to human
movement and posture with respect to the forces of gravity . . . occupational therapists are unique
in applying them to clients’ engagement in tasks of everyday life.” (Cole & Tufano, 2008, p.
165). This frame of reference is commonly employed in the treatment of children with
handwriting difficulties, particularly with regard to the effect of strength, and more specifically
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stability, for motor skills (Feder et al., 2000; Giroux et al., 2012). Strength includes “both
stability and motion produced by muscle tension.” (Cole & Tufano, 2008, p. 167). Stability is
the contraction of muscles around the joint to maintain the position of a particular body part
(Henderson & Pehoski, 2006). Muscle strength is postulated to directly influence skilled
movement (Cole & Tufano, 2008). This hypothesis is supported by research that identified
children with handwriting difficulties to have impaired posture and weaker pinch strength
compared with their typical peers (Engel-Yeger & Rosenblum, 2010; Rosenblum, Goldstand, &
Parush, 2006). For example, Engel-Yeger and Rosenblum (2010) found children with
handwriting difficulties to have weaker tripod pinch strength (M = 3.32, SD = 1.04), compared
with typically developing peers (M = 3.25, SD = 0.7), F(1,43) = 4.18, p < .05. After 40 minutes
of fine motor and handwriting activities, children with handwriting difficulties continued to
demonstrate weaker pinch strengths (M = 2.59, SD = 0.94) compared with their typically
developing peers (M = 3.68, SD = 0.64), F (1,43) = 21.61, p < .0001. The pinch strength of
children with handwriting difficulties deteriorated at the end of the 40-minute intervention as did
handwriting speed and stroke height and width. There is a suggestion that muscular fatigue may
be related to handwriting deficits.
Occupational therapy texts describe a variety of biomechanically based strategies for
enhancing handwriting skill (Amundson, 2005; Benbow, 2006; Myers, 2006). These strategies
include methods for facilitating a mature grasp on a pencil as well as appropriate positioning of
the body, chair, desk, and paper, according to biomechanical principles (Amundson, 2005).
Benbow (2008) advocated for the inclusion of activities designed to enhance upper extremity
stability, which includes stability in the shoulder, wrist, web space, and arches of the hand. The
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position of the wrist is thought to be of particular importance and is commonly a target of
biomechanical intervention (Benbow, 2006; Myers, 2006).
Wrist position directly influences the tension in the extrinsic muscles of the hand,
influencing the manipulation of writing utensils (Benbow, 2006). According to Benbow (2006),
“The wrist influences the position of the MP [metacarpophalangeal] joint, and the MP joint
influences the position of the proximal interphalangeal joint, which in turn influences the distal
interphalangeal joint” (p.321). Keeping the wrist stabilized in extension supports thumb
abduction and allows for optimal distal control (Benbow, 2006) which supports functional
handwriting. Therefore, children with decreased wrist strength will likely present with impaired
distal control, limiting handwriting efficiency.
Static grasp patterns or those that limit finger movement and, therefore, distal control
have been associated with handwriting difficulties. In a sample of 120 typically developing
fourth-grade students, Schwellnus et al. (2012) identified three children who used grasp patterns
that did not allow for distal control and manipulated the pencil at the level of the wrist. These
children were all found to have handwriting legibility difficulties. Falk, Tam, Schwellnus, and
Chau (2010) utilized a specialized writing utensil to measure finger force, and children with
handwriting difficulties were found to have a decreased percentage of variability in their force
(M = 6.03, SD = 0.77) compared with their typical peers (M = 7.49, SD = 0.91, p = .01). In other
words, children with better handwriting were found to have increased variability of force,
allowing them to demonstrate more dynamic control of the pencil (Falk et al., 2010).
Wrist extension maximizes digital flexion strength in addition to distal control (Fong &
Ng, 2001; Strickland, 2006). Pinch and grip strength have been correlated with wrist extension
strength (Suzuki et al., 2012). Fong and Ng (2001) measured grip strength at 0, 15, and 30

16
degrees of extension. They found grip strength was increased when the wrist was at 15 or 30
degrees of extension compared with a neutral position. A position of wrist extension has,
therefore, been correlated with distal control and digital strength, both of which have been
positively correlated with handwriting performance (Engel-Yeger & Rosenblum, 2010; Falk et
al., 2010; Schwellnus et al., 2012). There is a suggestion that wrist stability may directly
influence handwriting, and there is a paucity of literature concerning the effect of interventions
targeting wrist stability for the skill of handwriting. The slant boards utilized in the dissertation
study are thought to position the wrist into extension, increasing the stability of the joint. This
position may influence the handwriting of children with poor wrist stability differently than those
with good wrist stability. For this reason, grip strength was assessed in this study.
Occupational Therapy for Handwriting Deficits
Occupational therapy intervention for improving handwriting function is variable across
the field (Hoy et al., 2011; Van Der Merwe et al., 2011; Wallen et al., 2013). Therapists may
utilize a bottom-up, top-down, or eclectic approach to treatment. Within each of these
approaches, specific techniques and dosage (frequency, duration, and intensity of the
intervention) may significantly differ. Moreover, the use of different outcome measures amongst
the studies further obscures clear comparisons of intervention techniques in the literature.
Approach
Occupational therapists address handwriting function in a variety of ways, including the
use of bottom-up, top-down, or eclectic interventions. Bottom-up or process-oriented
interventions target the client factors and performance skills thought to be associated with
handwriting dysfunction, such as poor executive functioning, visual-perception, visual-motor
integration, in-hand manipulation, strength, proprioception, and distal control (Cornhill & Case-

17
Smith, 1996; Engel-Yeger & Rosenblum, 2010; Rosenblum et al., 2010; Volman et al., 2006; Yu
et al., 2012). These interventions are guided by process-oriented frames of reference, such as
the sensory integration and biomechanical frames of reference. Conversely, top-down
interventions are task-oriented and include the application of motor-learning frame of reference
to intervention.
The motor-learning frame of reference indicates that motor performance is dependent on
the interaction between the person, task, and environment. It incorporates various learning
theories and demonstrates the importance of practice (Cole & Tufano, 2008; Kaplan, 2010). For
interventions rooted in the motor-learning frame of reference, there is a focus on developing a
client’s motor and cognitive strategies to accomplish a specific task (Cole & Tufano, 2008).
Therapists who apply this frame of reference to handwriting may utilize “a combination of
sequential techniques including modeling, tracing, stimulus fading, copying, composing, and
self-monitoring” (Amundson, 2005, p. 600). Self-monitoring may involve various activities.
Denton’s (2006) program required children to choose their best work and to explain how the
work was similar to or different from the model provided. Several authors have asked children
to circle their best letters (Jongmans et al., 2003, Weintraub et al., 2009, Zwicker & Hadwin,
2009). Jongmans and colleagues (2003) further asked children to draw an arrow indicating
which aspect of the letter formation they should pay attention to during the next trial. Checklists
that included different aspects of letter formation have also been utilized (Weintraub et al.,
2009).
Handwriting intervention may be solely rooted in the motor-learning frame of reference
to provide a top-down approach. However, practicing therapists frequently combine top-down
and bottom-up interventions to utilize an eclectic approach (Feder et al., 2000; Van Der Merwe
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et al., 2011). The dissertation study utilized an eclectic approach, combining handwriting
practice (top-down) with the use of a slant board (bottom-up). While bottom-up approaches
have not been supported by evidence, both top-down and eclectic interventions have produced
inconsistent results.
Researchers suggested that bottom-up interventions that target client-factors and
performance skills without including handwriting practice are ineffective (Densem, Nuthall,
Bushnell, & Horn, 1989; Denton et al., 2006; Hoy et al., 2011; Sudsawad et al., 2002). There is
a suggestion that activities to enhance wrist stability (for example, strengthening activities or
coloring a picture on a slant board) exclusive of handwriting may not result in handwriting
improvements. It is unclear if sensory-based interventions that include handwriting practice are
effective in isolation of top-down strategies. Although the use of multisensory handwriting
practice is common, the study of this variable in the absence of top-down intervention is limited.
To date, only one researcher was identified that aimed to study the isolated effects of
sensorimotor intervention to improve handwriting. Zwicker and Hadwin (2009) found a
multisensory handwriting intervention that provided for 30 minutes, once a week for 10 weeks to
be ineffective. However, the comparison intervention that utilized a top-down approach was also
found to be ineffective, and Zwicker and Hadwin (2009) speculated the low dosage may have
contributed to the results.
Engagement in handwriting practice utilizing a top-down approach appears to be
necessary for improvements in handwriting to occur (Hoy et al., 2011); however, researchers
utilizing an isolated top-down approach have produced inconsistent results. Graham et al. (2000)
compared a top-down handwriting intervention with a phonological awareness intervention. The
focus of the phonological awareness intervention was to increase the awareness of letter sounds
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through direct teaching of the sounds as well as sound play (say the word tin without the letter
“t”). The researchers reported that after controlling for pretest group differences, children who
participated in the handwriting intervention made greater improvements in letter legibility when
asked to copy a paragraph compared with children receiving the phonological awareness
treatment, F(1,33) = 4.81, p = .035. Jongmans et al. (2003) found that children who participated
in an intervention including traditional handwriting instruction and practice scored higher on the
Concise Assessment Scale for Children’s Handwriting than those who did not receive the
intervention, F(3,59) = 26.59, p = .0001. Conversely, neither Susawad et al. (2002) nor Zwicker
and Hadwin (2009) found statistically significant (p < .05) improvements in handwriting
following top-down interventions.
Several investigators have studied the effects of handwriting interventions that combine
top-down and bottom-up strategies. These eclectic approaches have produced statistically
significant (p < .05) improvements in legibility for typically developing students (Case-Smith,
Holland, & Bishop, 2011; Case-Smith, Holland, Lane, & White, 2012; Donica, McCraw,
Hudson, & Cason, 2013; Mackay et al., 2010; Roberts et al., 2014; Taras, Brennan, Gilbert, &
Eck Reed, 2011) as well as students who present with handwriting difficulties (Case-Smith et al.,
2012; Weintraub et al., 2009). However, there is a paucity of research comparing these
interventions to a top-down only approach. Therefore, it remains unclear if these approaches
would have been equally as effective without the addition of the bottom-up strategies.
School-Based Occupational Therapy
Occupational therapists may work within the school to improve the occupational
performance of children who struggle with academic participation for a variety of reasons,
including handwriting. These services are often provided to children with disabilities under the
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provision of the Individuals with Disabilities Education Act (Case-Smith, 2005). Although
occupational therapists often provide services to establish or restore academic participation in
children with disabilities, they may also provide interventions that promote participation for all
students (AOTA, 2014). For example, occupational therapists have a unique skillset to facilitate
the development of handwriting and have been called to be involved in handwriting curriculums
in the academic setting (Donica, 2015).
School-Based Occupational Therapy Intervention
School-based occupational therapists may provide handwriting intervention in various
capacities including consultation, one-on-one intervention, and co-teaching with teachers
(Donica, 2015). Including occupational therapists in classroom handwriting instruction has been
supported in the literature, with OTs being involved in as little as 20% of the sessions to as often
as 100% of the sessions (Case-Smith et al., 2012; Case-Smith, Weaver, & Holland, 2014;
Donica, 2015). This team instruction allows for the provision of a classroom embedded
handwriting intervention (Case-Smith et al., 2014). Resources in the school setting are often
limited and academic systems may not have the ability to support a high frequency of
occupational therapy intervention for students. Moreover, pulling children outside of the
classroom for supplemental handwriting intervention may prevent participation in other
academic tasks (Case-Smith et al., 2014).
Occupational therapists may need to train teachers in handwriting interventions when
handwriting instruction is embedded in the classroom. Although educators may be well informed
of handwriting instruction methods, it may be necessary for teachers to be trained in certain
interventions used by occupational therapists. Case-Smith and colleagues (2012) had two
occupational therapists train all members of the co-teaching teams that delivered the intervention
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in their study. Donica (2015) had teachers attend a training in the use of a handwriting
intervention and then continued to have an OT present during the intervention to ensure it was
being utilized correctly.
Dosage
Dosages significantly differ amongst handwriting intervention protocols. There is
currently limited literature in the field of occupational therapy that can guide decision-making
with regards to dosage parameters including frequency, intensity, and duration of intervention
(Gee et al., 2016). Instruction and practice times for individual intervention sessions have varied
from 15 minutes to one hour and average approximately 35 minutes (Case-Smith et al., 2011;
Case-Smith et al., 2012; Donica et al., 2013; Graham et al., 2000; Jongmans et al., 2003; Mackay
et al., 2010; Roberts et al., 2014; Taras et al., 2011; Weintraub et al., 2009). Frequencies have
varied from weekly to daily although studies employing a once weekly intervention included
homework that ranged from three pages per week to 10 minutes per day to increase the practice
frequency (Mackay et al., 2010; Weintraub et al., 2009). Total sessions have ranged from eight
(Mackay et al., 2010; Weintraub et al., 2009) to 48 (Jongmans et al., 2003).
In a systematic review of handwriting interventions utilized by occupational therapists, it
was suggested that handwriting interventions should be practiced at least twice a week for a total
of 20 sessions in order to be effective (Hoy et al., 2011). However, this conclusion was based on
a limited number of studies in which a variety of methodologies and interventions were
employed. In a more recent meta-analysis, Santangelo and Graham (2016) compared the results
of 20 studies in which the effects of handwriting instruction were investigated. They found that
children who had greater than 10 hours of handwriting made greater gains in legibility than those
who had less than 8 hours. There are a larger number of studies (n = 20) in this analysis, which
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lends strength to a recommendation of engaging in at least 10 hours of practice, and it should be
noted that these studies had considerable variability in multiple aspects of the handwriting
instruction. There remains insufficient evidence and a lack of consensus to clearly determine the
most optimal frequency, intensity, and duration of effective treatment.
Despite this limited evidence, the number of practice sessions used in the dissertation
study (17) was similar to the number suggested in the aforementioned systematic review. Due to
unforeseen circumstances regarding the length of time for pre-testing and post-testing detailed in
Chapter 3, the number of sessions was decreased to 15. The frequency and duration of this
intervention were chosen to provide the greatest number of opportunities for practice within the
constraints of an existing summer enrichment program. Although the session duration was not
optimal given previous research findings (Hoy et al., 2011; Santangelo & Graham, 2016),
practice sessions of 15 minutes were chosen to cause minimal disruption to the existing summer
program. The total amount of practice time in the dissertation study was based on the constraints
of the summer enrichment program.
Outcome Measures
Comparison between studies was additionally hindered by varying measurement tools.
Outcome measures included functional assessments created by the investigator (Taras et al.,
2011) as well as a variety of standardized assessments, including the Evaluation Tool of
Children’s Handwriting (ETCH; Amundson, 1995), Minnesota Handwriting Assessment (MHA)
(Reisman, 1999), and the Test of Handwriting Skills, Revised (THS-R; Milone, 2007). These
tests each score handwriting quality; however, the specific variables measured differs between
tests. For example, the MHA has a legibility score in addition to a score of the various legibility
performance components. The THS-R has a score that is based on the quality of letter formation.
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Additional differences between available handwriting assessments include administration
contexts (group versus individual), the existence of normative data, age ranges, published
reliability and validity studies, and the variety of handwriting domains assessed (copying,
dictation, etc.).
Handwriting Without Tears
Handwriting Without Tears (HWT) is an eclectic intervention that includes activities and
tasks that are rooted in multiple frames of reference (Donica et al., 2013; Olsen & Knapton,
2013; Roberts et al., 2014). The program includes sensorimotor and biomechanical preparatory
activities to develop appropriate posture and alertness; utilizes multi-sensory practice of letter
formation; and motor-learning strategies, including modeling, imitation, self-evaluation, and
verbal self-talk (Olsen & Knapton, 2013).
Evidence to support the use of this program is limited to studies of typically developing
children. A single-group pilot study for the use of HWT for children in pre-school through fourth
grade produced improvements in legibility; however, important details, including sample size
and statistical analysis, were omitted from the article (Kiss, 2007). No statistically significant
differences were found in changes in handwriting performance between a group of typically
developing first-grade children who received 1 year of HWT programming compared with the
Pearson Directed Handwriting Program (Salls, Benson, Hansen, Cole, & Pielielek, 2013).

Both

groups were found to make equal improvements in letter alignment and size (p = .02). The
details regarding the implementation of the HWT program were not fully described, allowing for
the possibility of significant variation in the curriculum and further confounding a clear
understanding of the effects of the program. Although the HWT teacher’s guide includes
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suggestions for implementation, providers may vary the time spent and emphasis placed on each
component.
Researchers comparing the effectiveness of HWT and teacher-designed handwriting
programs have often used designs that limit the validity of their findings (Donica et al., 2013;
Roberts et al., 2014; Schneck, Shasby, Myers, & de Poy Smith, 2012). Donica et al. (2013)
found kindergartners who received HWT intervention had higher handwriting legibility scores as
measured by the THS-R than their peers who did not engage in a structured handwriting program
(p = .002). However, the validity of these findings is significantly limited by the use of a posttest only design. Schneck et al. (2012) found children who received teacher-designed
handwriting instruction demonstrated significant increases in legibility compared with their peers
who received instruction based on HWT (Schneck et al., 2012). Limited conclusions can be
drawn from this study as the HWT intervention was not consistently delivered, there was a lack
of randomization, and teachers were assigned an intervention group based on their willingness to
use the HWT curriculum.
Roberts et al. (2014) utilized a stronger cross-over design and found that students
handwriting skills improved with the use of HWT compared with teacher-designed curriculum.
After receiving the HWT curriculum (group A), the mean MHA total score increased 6.5 points
(95% CI [1.2, 11.8]) higher than the children receiving teacher-designed curriculum (group B).
When the interventions were crossed, children in group B demonstrated greater mean increases
by 8.4 points (95% CI [3.4, 13.5]). However, as in previous studies, the teacher-designed
curriculum was not described. Therefore, it is unclear which component or combination of
components of the HWT curriculum contributed to these effects.
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Although the preliminary evidence was weak, HWT may be an effective intervention for
improving handwriting skills (Donica et al., 2013; Roberts et al., 2014; Schneck et al., 2012).
Moreover, the program was in alignment with the findings of Hoy et al. (2011), which suggested
that handwriting interventions must include handwriting practice in order to be effective.
Anecdotally, the multisensory activities included in the curriculum also seem to appeal to
children, stimulating their attention and engagement in handwriting practice, which may provide
the HWT curriculum with an advantage over other programs that are strictly pencil-and-paper
activities.
Slant Boards
Writing on a slanted surface is a common biomechanical strategy used by occupational
therapy practitioners to facilitate appropriate wrist position and thought to improve handwriting
(Amundson, 2005; Johnson et al., 2013; Myers, 2006; Peterson & Nelson, 2003). A slant board
positioned at 20 degrees modifies the handwriting task by elevating the upper extremity to
stabilize the wrist in extension while also allowing the hand and forearm to rest on a supportive
surface (Myers, 2006). The slant board is thought to improve handwriting by providing an
immediate facilitation of appropriate posture as well as developing proximal stability over time
(Amundson, 2005; Myers, 2006). There is a paucity of literature on the effects of slant boards on
handwriting skill. Only two researchers have addressed the use of slanted desks in a population
of children with cerebral palsy (Ryan, Rigby, & Campbell, 2010; Shen, Kang, & Wu, 2003).
These researchers did not find significant differences in legibility with slanted surfaces compared
with horizontal surfaces. However, these effects were measured after only a few minutes of
handwriting practice. It remains unclear if slant boards are effective when used across several
weeks of practice.
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Summary of Literature
Children with handwriting difficulties are at risk for participation deficits across a range
of occupations. Occupational therapists may utilize a variety of interventions when working
with children with handwriting difficulties, including bottom-up, top-down, and eclectic
approaches. Treatments rooted in bottom-up frameworks that have not included handwriting
practice have been found ineffective (Hoy et al., 2011) while researchers who examined the
effects of top-down and eclectic approaches have produced inconsistent and inconclusive results
(Howe, Roston, Sheu, & Hinojosa, 2013; Hoy et al., 2011; Weintraub et al., 2009). While it
appears that handwriting must be practiced in order to see changes in legibility (Hoy et al.,
2011), there is significant ambiguity with regard to the practice variables. Inconsistent use of
measurement tools in addition to sample and population differences renders comparison between
studies challenging. Moreover, the various combination of interventions used in each protocol
prevents a clear understanding of the components of treatment that may contribute to improved
performance.
Slant boards are commonly used in occupational therapy practice. This strategy is
thought to provide external stability to improve distal control, which is thought to contribute to
handwriting skill. Despite the frequent use of slant boards in clinical practice and possible
importance in the facilitation of handwriting skills, a thorough review of the literature showed
only two studies examining the immediate effect of slant boards in the cerebral palsy population.
Therefore, further assessment of this intervention is required to support the common use of slant
boards in clinical practice.
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Chapter 3: Methods
Research Design
A randomized block design was used in the dissertation study (Portney & Watkins,
2009). The director of the summer enrichment program divided children into classes based on
their grade level. Children within each of the two classes or blocks were randomly assigned to
the slant board or horizontal surface group by pulling an envelope containing group assignment
from a box. The independent variable for the primary aim was the use of a slant board. The
dependent variable was the change in letter formation scores from baseline to post-test.
Rationale
The randomized block design was selected because this design has the most stringent
control for threats to internal validity given the structure of the existing enrichment program
(Portney & Watkins, 2009). The randomized block design has the most robust comparison of
handwriting practice on slant boards to handwriting practice on a horizontal surface. The
randomization of blocked participants into the two groups increased the likelihood that the
groups would be equivalent with regard to various factors that may have affected the results of
the dissertation study.
Threats to internal validity. Maturation and testing threats were controlled by using the
randomized block design (Portney & Watkins, 2009). A maturation threat occurs when the
natural change of subjects over time (for example, growing older, tired, or bored) influences a
second measurement (Portney & Watkins, 2009).

Although the children may have changed

physically and/or mentally between baseline and post-testing, it was assumed that these changes
occurred equally between groups secondary to randomization. Moreover, characteristics of
children that may have interacted with the measures were assumed to have been equally
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distributed between groups secondary to randomization. For example, desks could not be
adjusted to ensure each child was placed in the optimum position. Although this factor may have
influenced the effectiveness of the intervention, randomization increased the likelihood that this
effect was equally distributed among the two groups. A testing threat was present as the context
of the post-test differed between groups. The slant board group completed the post-testing on
slant boards while the horizontal surface group completed the testing on the horizontal surface.
Selection bias occurs when groups are unequal at the start of a study (Portney & Watkins,
2009). Blocked randomization was used to control for this bias, and one-way ANOVA showed
there were no statistically significant differences in the pre-test letter formation score between
the two groups, F(201, 1544) = 2.47, p =.132, or grip strength, F(1547,1549) = .019, p =.892.
The threat of diffusion of treatment was a concern as caregivers of children in the horizontal
surface group may have encouraged their children to utilize a slant board at home if they
believed this intervention to be more desirable. To limit diffusion of treatment, parents/legal
guardians and children were asked to not make any changes to their child’s handwriting in the
home environment (see Appendix B).
A history threat was possible as specific events outside of the intervention may have
influenced a child’s participation. For example, children may have engaged in handwriting
practice at home under the guidance of their parents. Additionally, children who have had
previous handwriting intervention may have responded differently to the treatment than those
who have not. Random assignment increased the chances that these confounding variables were
evenly distributed between groups.
Threats to external validity. External validity, which describes the extent of
generalization of study results to a general population, is influenced by the interaction of
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treatment and selection. An interaction of treatment and selection threat occurs when differences
in subject characteristics influence the effects of a treatment. Handwriting problems may occur
for many reasons, and children with different sets of client factors and performance skills may
respond differently to slant boards. For example, children who have motor-planning difficulties
may respond differently than children who have hypermobile joints. Excluding children with a
diagnosis of musculoskeletal disorders associated with abnormal upper-extremity tone and/or
range of motion (for example, cerebral palsy, paralysis, or brachial plexus injury) assisted in
narrowing the population. Narrowing the sample too far by excluding children with other
medical diagnoses would have impaired the ability to reach a saturated sample size. Moreover, it
would have limited the generalization of study results. Randomization of subjects also assisted in
controlling for this threat.
Strengths and weaknesses of design. This study has several strengths. First, many
strategies were utilized to increase the internal validity. The use of randomization into a
treatment and active control group assisted in controlling for maturation and testing threats. Use
of teacher education for the intervention protocol was thought to decrease variation between the
days the PI provided the intervention and those days that the teachers provided the intervention.
An additional strength was that study procedures can be replicated in typical classrooms with
various populations. The dissertation study design does have weaknesses. Large variation
within the classes (blocks) in addition to small sample size may have increased the likeliness of
error. An additional weakness is that the generalization of the results of the dissertation study
was limited to the specific population (children with difficulties in academic participation) that
was included.
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Specific Procedures
Institutional review board approval was obtained through Cincinnati Children’s Hospital
Medical Center (CCHMC; Study ID 2015-2500) on June 17, 2015, and Nova Southeastern
University (NSU; study ID 09051503Exp.) on September 9, 2015, prior to the start of this study.
As CCHMC was considered the primary site for this study, NSU’s IRB agreed to establish a
reliance on CCHMC’s IRB, which was approved on October 26, 2015.
The dissertation study intervention was originally proposed to be provided to small
groups of children on the CCHMC campus. After 4 months of recruitment, the PI was unable to
obtain any participants. One therapist provided feedback from a family that they did not want to
drive to the CCHMC main campus. Two parents stated they had already utilized a similar
intervention in their individual therapy sessions and did not feel the group would be helpful. The
PI speculated that recruitment challenges were partially a result of barriers regarding time and
travel. The PI contacted several school officials in an attempt to embed the intervention in the
school environment, which would alleviate the barrier of the parents’ needing to bring their child
to another appointment. School officials declined participation, often stating the majority of
their kindergarteners were already able to write and/or they could not spend additional time on
handwriting intervention. In the spring of 2016, the PI contacted the director of a private school
for children with learning disorders. The director stated that they would not be able to embed the
intervention into their school program, but that they would be interested in incorporating the
intervention into their summer enrichment program.
The private school for children with learning disorders offered a summer enrichment
program for children entering first through sixth grades. The program was provided for 4 hours
Monday through Friday for 4 weeks. It includes language arts, math, and physical education.
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The director agreed to include the handwriting intervention in the language arts hour of the
program.
The PI modified the research intervention so that it could be completed in the context of
the summer enrichment program. Changes to the intervention included dosage as well as the size
of the group. The amendment also modified the intervention to include training teachers to
provide portions of the intervention. An amendment was submitted regarding these changes and
was approved by CCHMC’s IRB on May 2, 2016. Continuing review was submitted and
approved by CCHMC’s IRB on June 16, 2016, and by NSU’s IRB on August 12, 2016. See
Appendix O for a flowchart describing specific procedures.
Group Assignment and Randomization
Children were randomized to a particular group following consent. There was one slant
board and one horizontal surface group in each classroom. The PI randomized children to the
slant board or horizontal surface intervention by choosing an envelope from a box. One box had
envelopes for classroom A and a second box contained envelopes for classroom B. The envelope
contained a slip of paper placing the child into the slant board group or the horizontal surface
group.
Baseline Data Collection
The administrators of the summer program collected information from each child’s
parents and teacher regarding the child’s academic participation (see Appendix R). Because the
sample of children may have had difficulties with academic participation for a variety of reasons,
this information was considered important to accurately describe the sample. The director of the
program provided the PI with copies of these forms.
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The PI planned to have a demographic form (see Appendix J) sent home with children on
the first day of the program; however, the director of the program requested the form be emailed
to parents secondary to the afternoon pick-up being chaotic. Emails were sent to families (see
Appendix K) requesting they provide demographic information. Upon receiving the
information, the PI transferred the data to the data collection form (see Appendix L). This
information included race, hand dominance, use of occupational therapy services, and consistent
use of pencil grip devices (see Appendix I for definitions of these variables). This information
was used to accurately describe the sample for the best interpretation of the results of the
dissertation study.
The PI planned to administer the THS-R to each class of children on the first day of the
summer enrichment program. However, all subtests were not completed in the 20 minutes
afforded by the program director. Therefore, the Tree, Horse, Truck, Book, Lion, and Butterfly
subtests were administered on Day 1, and the Airplane, Bus, Frog, and Bicycle subtests were
administered on Day 2. See Appendix P for a detailed schedule. All children completed the
manuscript version of the THS-R on a horizontal surface.
Children completed grip strength testing in the first three days of the program during
snack time. This time was identified by the program director as being the most minimally
disruptive strategy as it would not interfere with academic participation. It was assumed that a
child’s strength would not change over the course of 3 days; therefore, testing the participants’
strength on different days should not have threatened the internal validity of the dissertation
study. To complete grip strength testing, children were seated with their shoulder adducted and
neutrally rotated, elbow flexed to 90 degrees, forearm neutrally rotated, and the wrist extended
between 15 and 30 degrees of extension and 0 to 15 degrees of ulnar deviation (McQuiddy,
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Scheerer, Lavalley, McGrath, & Lin, 2015). Demonstration and verbal instruction were
provided to the children. The PI supported the dynamometer lightly to prevent the child from
dropping the instrument. If correct position was not maintained, the PI stopped the trial and
discarded that data. The PI repeated the directions before repeating the trial. Three
measurements were taken on the dominant hand. Following grip strength testing, the child was
asked to write their name on a piece of paper allowing the PI to observe the child’s grasp pattern
and dominance. This information was recorded on the data collection sheet.
Materials
The PI prepared group supplies, including pencils, chalk boards, chalk, sponges, small
disposable cups for water, two-pocket folders, and handwriting packets. The handwriting
packets were composed of pages copied from each child’s HWT My Printing Workbook as well
as worksheets generated from the HWT Web site. These worksheets included sight words and
key words the students were learning. The PI provided the director of the summer enrichment
program with the original HWT workbooks for each child. These workbooks were sent home
with children after a parent meeting with the director during the final days of the program.
Children used a Number 2 pencil throughout testing and intervention. Participants in the slant
board group were provided with slant boards ordered from National Autism Resources Inc.
(National Autism Resources Inc., n.d.). These boards measured 12 inches wide by 12.5 inches
long and were angled at approximately 20 degrees, an angle recommended in the literature
(Myers, 2006).
Teacher Training
The handwriting intervention was provided by a team of three adults, including the PI
and two teachers experienced in teaching children with learning disabilities. Teachers met with
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the PI once prior to the start of the intervention. During this session, they were provided with
training as outlined in Appendix A. During the training, the teachers stated they were confident
in their ability to facilitate on-task behavior, utilize direct commands (for example, “Johnny, I
need you to sit in your chair.”), and use praise to reinforce appropriate behavior (for example,
“Johnny, I love how you are using your pencil to write your letters!). They demonstrated
competence in use of slant boards and verbalized understanding of techniques used to facilitate
self-evaluation. They were provided with a HWT Teacher’s Manual and were asked to contact
the PI if they had any questions. Teachers assisted the PI in providing the intervention on
Mondays, Tuesdays, and Wednesdays. They provided the intervention independently on
Thursdays and Fridays. The PI was unable to be present at the school secondary to working as
an occupational therapist at CCHMC on Thursdays and Fridays. During the first intervention
session, the teachers demonstrated competence in redirecting children and providing guidance
for self-evaluation techniques. They also verbalized understanding of how to introduce and
teach each letter. After observing the PI provide the intervention, the teachers verbalized
confidence in delivering the intervention independently. There was not a formal, written
competency check-out form. Rather, teachers verbalized confidence and completed the
participation log (see Appendix F). The teachers were encouraged to ask the PI any questions
via email or in person.
Handwriting Practice Groups
Children engaged in handwriting assessment and intervention as part of the summer
enrichment program. Children were positioned in child-size chairs with their feet on the floor
and sat at individual desks. All chairs and desks were the same size. Children in the slant board
group completed all intervention activities (with the exception of the pre-test) on the slant board.
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Children did not write on the slant boards outside of the 15 minute intervention period. Children
in the horizontal surface group completed all activities on the desktop.
Letter formation pre-testing occurred for the first two days of the program and posttesting occurred on the last two days. Fifteen-minute intervention sessions occurred on Days 3 to
17 for a total of 15 sessions. Intervention included components of the HWT first-grade printing
curriculum (Olsen & Knapton, 2013). During the first intervention session (Day 3), children
were provided with slant boards or two-pocket folders, depending on their group assignment.
The PI explained proper use of slant boards to the children and provided them with stickers to
decorate their slant boards or folders. The sticker activity was completed to facilitate ownership
of and interest in the use of the slant boards.
Pages were photocopied and provided to the children each day in agreement with the
copyright information in these workbooks, which served multiple purposes. First, the PI was
able to create a packet of work for each day that included pages from the workbook as well as
worksheets created from the HWT Web site. Second, the width of the opened workbook would
exceed the width of the slant board. This difference in width could make stabilization of the
workbook difficult on the slant board. Third, the PI believed the photocopies would increase the
efficiency in administration of the intervention. For example, it would take additional time for
children to locate appropriate page numbers and manage the workbooks in addition to the
worksheets created from the Web site.
Each class of children received instruction under the supervision of the PI and/or two
teachers. The two teachers were both present in both classes. Intervention sessions began with
the instruction of the letter or letters for the day. The PI wrote the instructions for forming a
letter or letters on a white board, and the class read the instructions together. The children then
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guessed which letter they thought the instructions represented. Next, the PI demonstrated the
letter formation on the white board. The PI planned to have children then participate in a wetdry-try activity for each letter as part of the dissertation study. This activity included
demonstration of proper letter formation, using a wet sponge to trace a letter on a chalkboard,
using a dry sponge to trace the letter, and finally drawing the letter with chalk. This activity was
completed on the first intervention day. However, following a discussion with the teaching
team, the set-up, completion, and cleanup of this activity was determined to be too time
consuming. As a result of this discussion, the PI removed the wet-dry-try activity from the
intervention.
The subsequent intervention sessions included the aforementioned letter instruction
followed by 8 to 10 minutes of practice. Children were provided with guidance and feedback
during practice sessions as outlined in Appendix A. A member of the teaching team placed a
check mark on children’s worksheets following the child’s self-evaluation of his/her
performance, which served as documentation that each child had participated in self-assessment.
Teachers were provided with a participation log (see Appendix H) for each day in order
to record the teacher’s fidelity to treatment as well as any deviations from the protocol and
attendance data. The PI completed these forms on Monday through Wednesday. If students were
unwilling or unable to participate in less than 8 minutes of the intervention (as estimated by the
teacher), teachers noted it on the participation log for teachers (see Appendix F). The PI
transferred the information from the participation log for teachers to the protocol deviation log
(Appendix G) and the eligibility and enrollment log (see Appendix H) daily (or on Mondays for
the Thursday and Friday logs). The participation log for teachers was destroyed by shredding the
document within one day of the data being transferred to protocol deviation log. This procedure
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prevented children’s names from being associated with their data. Teachers and the PI were in
communication throughout the intervention, and the teachers were encouraged to email or call
the PI if any difficulties arose. Teachers did not report any deviations from the protocol.
Post-Test Data Collection
The PI administered the THS-R on the last two days of the program. The subtests were
administered in the same order as the baseline testing. The Tree, Horse, Truck, Book, Lion, and
Butterfly subtests were administered on Day 18, and the Airplane, Bus, Frog, and Bicycle
subtests were administered on Day 19. Children in the slant board group completed the test on a
slant board, whereas the horizontal surface group completed its assessments on a desk surface.
It is important to note that the inclusion of slant boards in the post-testing of the slant
board group was a considerable variation from the methodological underpinnings of the
dissertation study. Both groups should have completed post-testing on a horizontal surface. The
intervention in this study was purposed to permanently change a client factor (handwriting skill).
In order to determine if this client factor changed, it would be important to remove the piece of
adaptive equipment. However, the PI’s actions at the time of post-testing reflect measuring the
effect of a different intervention. Rather than altering a client factor, the PI believed the slant
board was augmenting the client factor. At the time of post-testing, the PI did not believe the
slant board had changed the children’s handwriting skills but rather the equipment was
modifying the task to allow the child to be more successful. This belief was based on the short
intervention time and previous literature in which it was suggested longer interventions were
required for changes in handwriting skill (Hoy et al., 2011). As such, the PI included the slant
board in the post-testing in order to reflect the effectiveness of the slant board as a modification.
Again, it was in contrast to the purpose of the dissertation study, which aimed to determine if
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slant boards in combination with handwriting practice improve children’s handwriting. Yet,
even if this methodology was consistent with the original theoretical underpinnings of the
dissertation study, there was still a significant testing threat to internal validity as the groups
were tested under different conditions. See the limitation section in Chapter 5 for additional
discussion of this significant error.
Subjects
Sample Size
An a priori power analysis was performed to identify the appropriate sample size for this
study. With the exception of the two researchers who described the immediate effects of slant
boards on the legibility of children with cerebral palsy, no researchers examining the use of slant
boards were identified at the time of this study. Therefore, no effect size was available for a
priori power calculations. It was difficult to make an educated guess regarding the sample size
for this intervention. Portney and Watkins (2009) stated that “the estimate may reflect an effect
that would be considered clinically meaningful.” (p. 424). It is the opinion of the PI that it would
be clinically meaningful if the effect size from a study that assesses the effectiveness of slant
boards was similar to the effect size of other published handwriting interventions. Pfeiffer, Rai,
Murray, and Brusilovskiy (2015) utilized a handwriting intervention in children using the THS-R
and reported a high effect size. Using an intervention group mean change of 6.7 and a control
group mean change of 2.4, a standard deviation of 5, an alpha of .05 and a power of 0.8, a sample
size of 22, or 11 per group were calculated using a Web-based calculator (HyLown Consulting,
n.d.). Although 27 children were recruited, only 21 were enrolled, which resulted in this study
being slightly under-powered.
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Inclusion Criteria
English-speaking children with difficulties in academic participation who were entering
the second and third grades and were enrolled in the summer enrichment program were eligible
for participation in this study. Parents/legal guardians agreed that children would not miss more
than 3 days of the program.
Exclusion Criteria
Children were excluded from this study if they had a medical musculoskeletal diagnosis
that limited upper extremity range of motion or tone (including cerebral palsy). They were also
excluded if they used a slanted surface to perform written work on a daily basis. These exclusion
criteria were confirmed via parent report.
Characteristics of Sample
The sample included 18 boys and 3 girls ranging from 7 to 9 years in age who
participated in a summer enrichment program. The children were reported to have difficulties
with academic participation and had just completed the first or second grades.
Recruitment
Recruitment commenced following the approval of the IRBs at both CCHMC and NSU.
The sample was recruited via convenience sampling. A list of names, phone numbers, and
mailing addresses of parents who enrolled their child in the summer enrichment program was
obtained from the summer enrichment program. IRB-approved recruitment letters and consent
packets were mailed to parents. Each participant who was sent a recruitment packet was given a
unique ID of numbers 1 to 28 that was randomly pulled from a basket (in compliance with
CCHMC’s IRB policies). The recruitment letter (see Appendix D) described the dissertation
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study to families and instructed interested parents/legal guardians to review the informed consent
and sign if they agreed to participate. The recruitment letter instructed parents/guardians to
contact the PI via phone or email with any questions. Families were offered a $10 Target gift
card for agreeing to participate in the dissertation study. These gift cards were funded by the PI
and were provided to families on the last day of the dissertation study.
The PI contacted the families via email to confirm they received the packet and ask if
they had any questions (see Appendix E). The recruitment and consent packet were included as
an attachment on the email. After receiving the signed consent, families were contacted by the PI
(see Appendix Q for phone call script). The PI confirmed with the parents that their child met
the inclusion and exclusion criteria and answered any questions they had about the dissertation
study. The investigator’s copy of the informed consent was filed and will be kept for 5 years.
Ethical Considerations and Review
Institutional Review Board approval was obtained through CCHMC (study ID 20152500) on June 17, 2015, and NSU (study ID 09051503Exp.) on September 9, 2015, prior to the
start of this study. As CCHMC was considered the primary site for this study, NSU’s IRB
agreed to establish a reliance on CCHMC’s IRB, which was approved on October 26, 2015.
Continuing review was submitted and approved by CCHMC’s IRB on June 16, 2016, and by
NSU’s IRB on August 12, 2016. Privacy, confidentiality, and security was maintained by
ensuring that participants’ information was only available to members of the research team. All
protected health information was kept confidential in compliance with applicable state and
federal laws and CCHMC guidelines. All information obtained from this study was maintained
in a locked file on the CCHMC campus or on a password-protected computer drive within
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CCHMC. All data will be destroyed per regulatory guidelines following the completion of this
study.
Consent for participation in the dissertation study was obtained by having the child’s
parent/guardian read and sign a form describing the dissertation study and its risks/benefits.
Attending a separate consent meeting was determined to be a burden for families, and given the
minimal risk associated with this intervention, providing forms through the mail was determined
to be the most appropriate consent method. Parents were informed in writing that any questions
would be answered by the PI at any time prior to consenting and throughout the duration of the
dissertation study.
Study Setting
Assessment and intervention took place at the private school for children with learning
disorders as a part of their summer enrichment program. Parents payed a tuition of $1,500 to
enroll their child in the program. The program accepted children entering into the first through
sixth grades who were struggling academically; however, the focus of this study was on the
classrooms of children entering the second and third grades. Although the PI originally proposed
to include children entering the first grade as well, the program director decided the handwriting
program best fit with the curriculum for the second and third grade classes.
The summer enrichment program’s educational program was specifically designed for
children with learning disabilities; however, the summer program did not require a diagnosis of a
learning disorder for children to be enrolled. The program took place from June 13, 2016, to
July 8, 2016, from 8:30 a.m. to 12:30 p.m. Students participated in language arts, math, and
physical education. The handwriting intervention was embedded in the language arts hour per
the agreement with the summer enrichment program. A total of 28 children entering second and
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third grades attended the program and were grouped according to the grade they would be
entering into in the fall. There were 14 children per class.
Instruments and Measures
Test of Handwriting Skills-Revised
This study utilized the THS-R as the primary outcome measure for letter formation. The
THS-R is a norm-referenced standardized assessment that can be utilized for the identification of
handwriting problems as well as monitoring handwriting progress in children ages 6 to 18
(Milone, 2007). Tasks include writing the alphabet from memory; writing letters; numbers;
words from dictation; and near-point copying of letters, words, and sentences.
A significant weakness of the THS-R was the lack of publications that assessed the
validity or reliability of the test. Despite this flaw, the assessment was identified to be the most
appropriate for this study for several reasons. It could be administered in a group setting (this
was important to minimize burden to families and program administrators). The THS-R also
incorporated several aspects of letter formation into the overall standard score, resulting in a
measure that may be sensitive to differences in the precise quality of the letter formation.
Moreover, the THS-R has an age range that was congruent with the population of this study.
It was reported in the THS-R manual that the assessment has good internal consistency,
test-retest reliability, and inter-rater reliability. Internal consistency measures indicated moderate
to high Spearman-Brown coefficients ranging from 0.61 to 0.85. The test-retest reliability for
the total test score was 0.82 and ranged from 0.49 to 0.82 for individual subtests. Inter-rater
reliability ranged from 0.59 to 1.00. It was reported in the manual that the assessment
maintained both content and construct validity.
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The THS-R took approximately 15 to 20 minutes to administer and could be completed in
an individual or group setting (Milone, 2007). Children completed six handwriting tasks. Each
task has a page in the testing booklet with a specific picture at the top. The subtests were titled
to correspond with these pictures (see Appendix O for detailed information of each subtest).
Letters were assessed according to a set of criteria and exemplars and given a score between 0 to
3. Zero was the lowest score representing poorly formed letters, whereas a score of 3 indicated
perfectly or almost perfectly formed letters. See Appendix C for descriptions of each score.
Raw scores were converted to scaled scores for each subtest, and the sum of the scaled scores
was converted to a standard score as well as a percentile rank. All scores showed ratio-level
data. The standard scores were used to classify children’s handwriting as average or below
average.
Dynamometer
Grip strength was measured to ensure this variable was equal between groups. Grip
strength of the dominant hand was measured during the first week using the Jamar dynamometer.
This instrument is a calibrated hydraulic dynamometer used to measure grip strength.
Commonly, three measurements were taken and averaged to produce a final score. This score
could be converted to a z score. A group of 1,508 healthy children age 6 to 19 years completed
grip strength testing to establish normative data (McQuiddy et al., 2015).

Good test-retest

reliability of .91 has been reported for the dominant hand in children ages 4 to 11 years old (Van
Den Beld et al., 2006). Moreover, criterion-related validity has been established as the
dynamometer was able to discriminate between children with and without muscle weakness
measured via muscle biopsy (Van Den Beld et al., 2006). Scores showed ratio-level data. The
same dynamometer was used for each child. Children were seated with their shoulder adducted
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and neutrally rotated, elbow flexed to 90 degrees, forearm neutrally rotated, and the wrist
extended between 15 and 30 degrees of extension and 0 to 15 degrees of ulnar deviation
(McQuiddy et al., 2015). Children were provided with a demonstration and verbal instructions.
The PI supported the dynamometer lightly to prevent the child from dropping the instrument. If
correct position was not maintained, the PI stopped the trial and discarded that data. The PI
repeated the directions before repeating the trial.
Data Collection
See Appendix I for a review of operational definitions of variables, how they were
measured, and how the measurements were acquired.


THS-R data were completed on Day 1 and 2 of the enrichment program.



Demographic information was collected during the first two weeks of the program via
emails sent to families as well as from the paperwork obtained by the summer
program.



Grip strength was collected over the course of the first three days of the program
using the data collection form (see Appendix L).



Documentation of any problems related to the reliability of the intervention and how
these problems were addressed were documented after each group (see Appendix M).
If there were deviations from the protocol, they were logged in the protocol deviation
log (see Appendix G).



Post-test THS-R data were collected during the last two days of the program (Days 18
and 19).
Data Analyses
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Statistical analyses were completed utilizing SPSS statistics version 24.0 (IBM, 2016).
Descriptive statistics were calculated to report the composition of the sample. An ANOVA was
completed to confirm equivalence between slant board and horizontal surface groups with
respect to baseline letter formation scores and grip strength.
Data Management
All children who received a consent form were randomly assigned a number 1 to 28 per
CCHMC’s procedures for filling out the eligibility and enrollment log (see Appendix H). To
limit confusion between this log and other study information, these numbers were used for
participant study IDs as well. Signed informed consent documents were stored in a locked
research file in a locked office on the CCHMC campus. The electronic crosswalk file that links
the child’s name on the informed consent document to his/her study ID was secured and
maintained on a password-protected computer drive within CCHMC. This list was maintained in
a file that was separate from the other data in this study and was destroyed after completion of
the dissertation study. All contact information as well as de-identified paper data were kept in a
locked research file in a locked office on the CCHMC campus. The PI transferred THS-R data as
well as data from the data collection sheets to an SPSS spreadsheet in which the participants’
study ID was utilized as an identifier. The SPSS spreadsheet was saved on a password-protected
computer drive within CCHMC. Identifying information will not be used in published research
results or used for teaching purposes.
Intention-To-Treat Analysis
Noncompliance with intervention as well as missing data are common concerns with
randomized controlled trials (Gupta, 2011). In this study, one child missed the first day of the
pre-test and another child missed 3 days of the intervention. An additional two children missed
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the last day of the intervention as well as both days of the post-test. Dropping the data of children
who missed sessions not only decreased the power of the study but also introduced bias.
Furthermore, it was difficult to determine how much intervention a child could miss before
his/her data should be dropped.
An alternative to dropping data is the use of an intention-to-treat analysis (ITT). This
analysis includes all participants who were randomized at the start of the study and disregards
deviations in the intervention as well as withdrawal from the study. Therefore, the ITT analysis
assists in maintaining appropriate power as well as preventing bias. Another strength of the ITT
analysis is that it is reflective of clinical practice (Gupta, 2011) as anecdotally, families are not
always totally compliant with an intervention. The weakness of ITT analysis is that the inclusion
of children who were noncompliant or withdrew can dilute the treatment effect, increasing the
possibility of Type II error (Gupta, 2011).
Considering the limitations of both ITT and per protocol analyses (dropping data of
children who did not adhere to the intervention protocol), an a priori decision was made to utilize
an ITT analysis. It was the PI’s opinion that the ITT analysis would be superior in this situation.
Using per protocol analysis would likely render this study significantly underpowered as a
number of factors may have limited a subject’s ability to completely comply with the
intervention. It was determined that if post-test data were not able to be obtained for less than
20% of subjects, the mean group scores would be used to replace missing data (Armijo-Olivo,
Warren, & Magee, 2009). If post-test data were not able to be obtained for greater than 20% of
subjects, the last observation carried forward (Portney & Watkins, 2009) and the method would
be used. This method would utilize the baseline score, which would provide a conservative
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estimate of the treatment effect. Given that post-test data were able to be obtained more than
20% of subjects, the mean group scores were used to replace missing data.
Analysis of the Aim
The alternate hypothesis for the aim stated that children who practiced handwriting on a
slant board would have a greater change in letter formation scores than children who practiced
on a horizontal surface. An independent samples t test was used to determine if there were a
significant difference (p < .05) between mean change in letter formation performance. This
analysis is appropriate for use with the nominal independent variable (group) and the ratio
dependent variable. Given the limitations in accessing a substantial sample, secondary analyses
were also performed in order to better understand the results.
First, independent samples t tests were performed on each subtest to determine if there
were significant differences in subtest change scores between children in the slant board group
and those in the horizontal group. Next, clinically significant differences in the change in letter
formation performance between children with below average and average handwriting at
baseline were observed. The authors of the THS-R did not define below average and average
handwriting. As such, the PI chose to define below average scores as being greater than one
standard deviation below the mean. An independent samples t test was used to determine if there
were a significant difference between mean change in letter formation performance in children
with below average handwriting and those with average handwriting. Finally, further analysis of
the children with below average handwriting was completed to determine if there were
improvements in particular handwriting domains that contributed to the group’s overall
performance. Dependent-samples t tests were performed to compare the mean baseline and posttest scores for each subtest.
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Chapter 4: Results
Introduction
Analyses were completed following the conclusion of the dissertation study.
Demographic data were analyzed descriptively. Descriptive statistics were completed for all
performance measures. Initial analyses of data included comparisons of writing performance
between the control and experimental groups. However due to sampling and research design
issues, secondary analyses of performance were completed for just the participants who initially
presented with handwriting difficulties. The results of all the above mentioned analyses are
presented below.
Attendance and Missing Data
The following information regarding attendance and missing data should be considered
when interpreting the results of this study. Children attended an average of 14.76 total
intervention sessions (ranging from 12 to 15). Two children missed one session and one child
missed three sessions secondary to planned vacations. With regard to data collection, one child
missed the first day of pre-testing and two children missed both days of post-testing. There was
missing data for four of the participants. During the scoring of the pre-test, it was observed that
participant 27 misunderstood the instructions of one of the subtests. As such, the scaled score for
this subtest was considered invalid. Consistent with the intention-to-treat analysis previously
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discussed, missing and invalid scores were replaced with the average scores for the participant’s
respective group.
Description of Demographic Data
The sample included 18 boys and three girls with a mean age of 7.52 years. Twelve
children were entering the second grade and nine were entering the third grade. The sample was
predominantly White and right-hand dominant. The children in the sample used a variety of
grasp patterns, including dynamic tripod, dynamic quadruped, lateral tripod, lateral quadruped,
and atypical. None of the children was receiving outpatient occupational therapy services for
handwriting at the time of the dissertation study. Three had received school-based occupational
therapy for handwriting in the 2015-2016 school year. No children used grip devices or slant
boards on a regular basis in the home or school environment. Information regarding medical and
mental diagnoses was not collected. See Table 1 for demographic characteristics of the sample.
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Table 1
Demographics of Sample
Characteristic
Age

N

%

7

12

57.1

8

7

33.3

9

2

9.5

2
3
Sex
Male

12
9

57.1
42.9

18

85.7

Female
Race
White
Hispanic
Other
Dominant Hand
Right
Left
Grasp Pattern
Dynamic Tripod
Dynamic Quadrupod
Lateral Tripod
Lateral Quadrupod
Atypical
Use of Grip Device

3

14.3

18
1
2

85.7
4.8
9.5

18
3

85.7
14.3

8
2
1
8
2

38.1
9.5
4.8
38.1
9.5

Yes
No
Current OT
Yes
No
School OT
Yes
No

0
21

0
100

0
21

0
100

3
18

14.3
85.7

Grade

(continued)
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Characteristics
Strength
Below average (z score < -1)
Average (z score -1 to 1)
Above average (z score > 1)
Baseline Handwriting
Below average (standard score < 85
Average (standard score 85-115)
Above average (standard score > 115)

N

%

5
13
3

23.8
61.9
14.3

10
11
0

47.6
52.4
0

Teacher-Reported Information on Students
The director of the summer program collected forms from the children’s teachers from
the 2015-2016 school year regarding each child’s academic participation. The PI utilized this
information to assist in describing the sample of children. It was only possible to collect teacherreported information forms (see appendix R) for 18 of 21 children. Parents of three participants
did not provide the teacher information pages. Two information forms were missing data. All
children received some sort of support services during the school year, including tutoring,
reading intervention, and/or speech therapy services. Of the children with teacher-reported data,
the majority (88.2%) had difficulty writing sentences, paragraphs, and stories. However,
teachers described only 41.2% of these children as having illegible handwriting. Seventy-five
percent of children were described as being distractible. See Table 2 for additional teacherreported information describing academic performance related to handwriting.
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Table 2
Teacher-Reported Descriptions of Children’s Performance
Description

n

%

Missing %

Poor handwriting

7

25.0

14.3

Difficulty writing sentences, paragraphs, and stories

15

53.6

14.3

Difficulty organizing written work

12

42.9

14.3

Can dictate but difficulty writing
Difficulty writing in a logical sequence
Limits written work due to spelling or handwriting difficulties
Difficulty editing work
Uses a computer for writing and editing
Generally inattentive
Easily distracted

8
8
5
11
2
4
12

28.6
28.6
17.9
39.3
7.1
14.3
42.9

14.3
14.3
14.3
14.3
14.3
17.9
17.9

Preliminary Analysis
The writing performance between the children in the horizontal surface group and those
in the slant board group prior to the intervention were compared in the preliminary analysis.
Specifically, there was no significant difference between the groups in terms of letter formation,
t(19) = 1.57, p = .132, or grip strength t(19) = 0.87, p = .398.
Observational Data
Children in both classes required occasional verbal cues to attend to task during the pretest as confirmed by the reports from observational data sheets. Children entering third grade
required occasional verbal cues to attend to the post-test. In contrast, children entering second
grade were frequently talking throughout post-testing. The PI and the teachers provided these
children with several verbal cues to attend to the handwriting task. The research plan did not
include recording the specific number of instances of verbal cues and as such, objective
information regarding children’s attention to task is not available.
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Primary Analysis
The alternate hypothesis for Aim 1 stated that children who practice handwriting on a
slant board would have greater letter-formation change scores than children who practice on a
horizontal surface. An independent samples t test was used to determine if there were a
significant difference (p < .05) between mean changes in letter formation performance. There
were no outliers for change scores as suggested by the inspection of a box plot. Change scores
for each group were normally distributed as assessed by Shapiro-Wilk’s test (p > .05). There
was homogeneity of variances as assessed by Levene’s test for equality of variances (p = .15).
There was no significant difference in change in letter formation performance between the slant
board group (M = 2.7, SD = 11.93) and the horizontal surface group (M = 5.27, SD = 7.00), t(19)
= -.61, p = .275. Given the limited access to a substantial sample, secondary analyses were
performed to better understand these results.
Secondary Analyses
The data were further analyzed in two directions to allow a fuller understanding of the
intervention. First, differences in subtest change scores between children in the slant board
group and those in the horizontal surface group were examined. Second, differences in the
performance of children with average and those with below average handwriting were explored.
Further analysis was completed prior to completing the secondary analysis to determine if there
were statistically significant differences between children with below average handwriting (n =
10) and those with average handwriting (n = 11) at the beginning of the dissertation study.
There was no significant difference in age, t(19) = 1.14, p = .268, or grip strength, t(19) = -1.31,
p = .204, between children with below average handwriting and children with average
handwriting. Change scores for each group were normally distributed as assessed by Shapiro-
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Wilk’s test (p > .05). There was homogeneity of variances as assessed by Levene’s test for
equality of variances (p = .72).
Subtest Differences
The PI examined each subtest, which allowed for exploration of changes in specific
writing skills because the full score analysis did not indicate any significant differences. There
was homogeneity of variances for both groups amongst all but two subtests (Butterfly and Truck)
as assessed by Levene’s test for equality of variances. As such, information from the Welch
(unequal variance) t test was reported for these two subtests. Eight separate outliers for various
subtest change scores were identified by box plots. Four outliers were identified for the Butterfly
subtest. One participant from the slant board group scored above the mean, and two participants
from the slant board group scored below the mean. One participant from the horizontal surface
group scored below the mean. There were also single outliers in the Frog, Bicycle, Truck, and
Book subtests. One participant from the horizontal surface group scored above the mean in the
Frog subtest, and a different participant from the horizontal surface group scored above the mean
in the Bicycle subtest. One participant from the slant board group scored above the mean in the
Truck subtest, and a different participant scored below the mean in the Book subtest. No specific
information from observational data sheets was identified to assist in the interpretation of outliers
for these participants.
There was not a statistically significant difference in mean change in letter formation
between groups on any of the subtests (see Table 3 below for details). When the outliers were
removed from the analysis, there was a significant difference in the change in letter formation
scores on the Truck (copy words) subtest. The mean Truck change score for children who wrote
on slant boards (M = -.83, SD = 4.24) was 3.33, 95% CI [6.42 to 0.02] points lower than children
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who wrote on a horizontal surface (M = 2.39, SD = 2.51). This difference was statistically
significant, t(18) = -2.12, p = .05.
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Table 3
Difference in Change Scores Between Slant Board and Horizontal Surface Group
Mean Difference
1.89

t
1.40

p value
.09

-0.06

-0.07

.47

0.36

0.22

.41

-1.35

-1.42

.09

Bicycle

0.80

0.50

.31

Tree

0.38

0.21

.42

Horse

-0.30

-0.14

.44

Truck

-1.94

-0.99

.16

Book

-0.18

-0.09

.46

Lion

-0.71

-0.68

.68

Airplane
Bus
Butterfly
Frog

Differences in Children with Below Average and Average Handwriting
Upon visual inspection of the data, the PI observed clinically significant differences
between children with below average and average handwriting. Seven of the 10 children who
had below-average scores at baseline improved by at least four points (a score the PI determined
to be clinically meaningful based on results of Pfeiffer et al. [2015]). On the other hand, eight of
the 11 children with average handwriting at baseline had change scores of less than 4. Moreover,
six of those participants demonstrated declines in handwriting performance from baseline to
post-test. Given this observation, an independent samples t test was used to determine if there
were a significant difference (p < .05) between mean change in letter formation performance of
children with below average handwriting (those with standard scores of 85 or less) and those
with average handwriting. This group of children with below average handwriting included
three children who used the slant board and seven who wrote on a horizontal surface. There was
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a significant difference in the change in letter formation performance between the children with
below average handwriting (M = 9.0, SD = 6.83) and those with average handwriting, (M = 0.45, SD = 9.57), t(19) = 2.58, p = .02, suggesting those with below average handwriting made
gains while the performance of those with average handwriting did not change.
Further analysis of the data was sought to determine which domains of handwriting
improved for the group of children with below average handwriting skills. Box plots of change
scores confirmed no outliers were present. Table 4 below presents the results of the t tests.
Statistically significant differences were found for the Bus (lowercase from memory), Butterfly
(uppercase from dictation), Truck (copy words), Book (copy sentences), and Lion (words from
dictation) subtests. A visual depiction of the handwriting subtests among children with below
average handwriting are presented in Figure 1.
Table 4
Results of Paired- Samples T-Tests for Children with Below Average Handwriting
Subtest

Mean (SD)

Airplane
1.33 (3.57)
Bus
1.08 (1.72)
Butterfly
2.27 (3.32)
Frog
0.65 (2.85)
Bicycle
0.21 (4.34)
Tree
-0.05 (2.53)
Horse
2.07 (4.62)
Truck
3.16 (2.60)
Book
2.59 (1.75)
Lion
2.53 (3.25)
Note: * connotes a statistically significant difference at p < .05.

t

p value

1.17
1.98
2.17
0.72
0.16
-0.06
1.42
3.85
4.68
2.46

.14
.04*
.03*
.24
.44
.48
.10
.002*
<.001*
.02*
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10
9
8
7
6
5
4
3
2
1
0
Airplane

Bus*

Butterfly*

Frog

Bicycle

Tree

Baseline

Post

Horse

Truck*

Book*

Lion*

Figure 1. Mean subtest scores for children with below average handwriting. Subtests marked
with an asterisk were found to be statistically significant at p < .05.
Findings
When comparing the independent samples t test for the change in letter formation
between the slant board group and the horizontal surface group, there was not a significant
finding. The implication of this finding was that there was no difference in the change in letter
formation between the two groups. The alternate hypothesis cannot be accepted. In the
additional independent samples t tests performed in the secondary analysis, there was a
statistically significant difference identified in the Truck subtest when the outlier of this subtest
was removed. While children in the horizontal surface group improved an average of 2.39 points
in this subtest, the performance of children in the slant board group remained relatively
unchanged (M = -.83). The inclusion of the slant board in handwriting practice did not result in
statistically significant improvements in handwriting.
In the t test for which change scores between the children with below average
handwriting and those with average handwriting were compared, there were significant findings.
The implication of the results is that the handwriting intervention caused improvements in letter
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formation for children with below average handwriting, whereas their peers with average
handwriting skills did not demonstrate improvements. This change was irrespective of use of a
slant board. The intervention improved five subtests scores, which included writing lowercase
letters from memory, writing uppercase letters and words from dictation, and copying lowercase
letters and sentences.
Summary
The null hypothesis for the aim cannot be rejected based on the findings presented in
Chapter 4. There was no statistical difference in the change in letter formation performance
between the two groups. Use of slant boards during writing interventions did not influence letter
formation in this study. There was no significant difference in individual subtests with the
exception of the Truck subtest. The results of the t test for the Truck subtest indicated that
children in the horizontal surface group improved, whereas children in the slant board group did
not.
Additional secondary analyses were completed to determine the difference in change
scores between children with average and those with below average handwriting. The children
with below average handwriting made statistically significant gains while those with average
handwriting performance did not. Children with below average handwriting made statistically
significant gains in five subtests, including writing lowercase letters from memory, writing
uppercase letters and words that were dictated, and copying words and sentences.
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Chapter 5: Discussion
Discussion and Interpretation
Handwriting is an important skill that supports occupational performance across a variety
of occupations (Santangelo & Graham, 2016). Handwriting has been found to be important in
learning as well as in the expression of ideas (Dinehart, 2014; Dinehart & Manfra, 2013; Puranik
& AlOtaiba, 2012). Occupational therapists often work with children with handwriting
difficulties. While the use of handwriting practice to improve handwriting is supported in the
literature, occupational therapists use a variety of tools, such as slant boards, in conjunction with
handwriting practice that are not evidence-based treatments (Hoy et al., 2011).
The use of slant boards in combination with handwriting practice is a common
intervention strategy used by occupational therapists to improve children’s handwriting. To date,
there is no evidence to support or refute the use of this intervention. It is important to understand
if this intervention is helpful in order to provide clients with the best care and to prevent undue
burden associated with the use of unnecessary equipment. The purpose of this study was to
determine the effects of using a slant board in combination with handwriting practice on the
letter formation of children with difficulties in academic participation. The lack of statistically
significant results in this study does not provide additional clarity to the understanding of the
effectiveness of slant boards combined with handwriting practice.
Secondary analysis comparing changes in letter formation scores between children with
average and below average handwriting did indicate statistically significant differences.
Following the handwriting intervention, children with below average handwriting were found to
make improvements in letter formation scores (regardless of writing surface), whereas the letter
formation scores of children with average handwriting remained relatively unchanged. The
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therapeutic dosage suggested in previous literature is challenged by the results from the
dissertation (Hoy et al., 2011). In Hoy et al.’s (2011) systematic review, it was suggested that
handwriting practice that occurred for less than 20 sessions was ineffective. The studies
included in this systematic review that utilized handwriting practice and yielded significant
results included children in first to fourth grades with varying degrees of below-average
handwriting (Berninger et al., 2006; Berninger et al., 1997; Weintraub et al., 2009). Therefore,
the samples in these articles were somewhat similar to those of this dissertation study. Higher
intensity sessions, lasting between 20 and 60 minutes were utilized in the studies in these
articles. The dissertation study utilized 15 sessions comprised of 5 minutes of instructions and 8
to 10 minutes of practice. The total amount of intervention time in this study was 3.75 hours.
The results of this study indicated that short-duration, low intensity, high-frequency handwriting
practice may result in improved handwriting legibility. This dosage may be more feasible for
families and less burdensome on children when compared with high intensity low frequency
practice. However, the effects of the dissertation intervention may have been greater with a total
of at least 10 hours of practice (Santangelo & Graham, 2016). Santangelo and Graham (2016)
performed a meta-analysis of handwriting instruction and suggested that children who received
10 or more hours of handwriting instruction made greater gains than those who received 8 hours
or less.
There was a statistically significant change in two areas of analyses in which subtest
baseline and post-test scores of children with below average handwriting were compared. First,
changes occurred in two subtests that involved copying. The truck and book subtests incorporate
copying words and sentences from a model. When copying from a model, children do not have
to rely on recalling proper letter formation from long-term memory (Milone, 2007). This factor
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reduces cognitive demand and allows students to focus on controlling their fingers to be able to
write the letters that they see. As such, an improvement in these two subtests indicated the
possibility of improvements in visual motor integration (Milone, 2007).
Second, there were changes in three subtests that involved writing letters from memory.
It should be noted that these changes could have been influenced by changes in visual-motor
integration like the aforementioned subtests. For example, the children improved in the Butterfly
subtest, which included writing uppercase letter from memory. The intervention did not target
upper-case letter formation; therefore, there may have been improvement in the Butterfly subtest
secondary to a general improvement in visual-motor integration from the intervention. However,
changes in additional client factors may have also influenced changes in letter formation. For
example, in the subtests that included writing lowercase letters from memory and writing words
from dictation, there is a requirement for increased cognitive demand when compared with
copying from a model. Not only do children have to recall the letter’s form from memory, but
they also must translate that memory into movements and recognize the accuracy of the letters
that they wrote (Milone, 2007). As such, changes in aspects of cognition may have contributed
to improvements writing performance.
The Bus subtest included writing the lower case letters of the alphabet from A to Z from
memory. With this task, sequencing the alphabet was required. For some children, use of the
sequence may make it easier to recall letterforms when compared with writing random letters.
However, it could also be argued that children with learning difficulties may have sequencing
difficulties that could have increased the demand of this task. Additionally, there may have been
improvement in letter practice because of the automatic formation of the letter thereby reducing
cognitive demand and improving performance. Similar to the Bus subtest, in the Lion subtest,
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there was a requirement for writing letters from memory, which also increased cognitive
demands by including spelling of the words (scoring was not influenced by spelling).
Collectively, the results of the subtest scores indicated improvements in both visual-motor
integration as well letter formation from memory.
Factors Contributing to Lack of Statistical Significance
Several factors in this study may have contributed to the lack of statistically significant
findings. Two components of the originally proposed intervention were altered during this
study: multi-sensory handwriting practice and the sample characteristics. The multi-sensory
techniques from the HWT (Olsen & Knapton, 2013) program were utilized as the originally
proposed handwriting practice. However, the wet-dry-try strategy (a multi-sensory activity
including tracing letters with chalk and a wet sponge) was removed from the program per teacher
request. Although the use of this handwriting curriculum was supported in the literature, it was
unclear if this multi-sensory element of the program was able to augment the pencil-and-paper
practice component. Because there is currently not enough literature to refute the use of multisensory techniques, it is possible that this component of the HWT curriculum is an important
factor in intervention effectiveness. The wet-dry-try activity would also have provided
additional practice time on the slant board. As such, the inclusion of the wet-dry-try activity as
originally proposed may have resulted in effectiveness of the handwriting intervention.
Incongruence between client factors and intervention may have also contributed to a lack
of statistically significant findings. This study was rooted in the PEO model’s theoretical notion
that changing a client factor and/or performance skill would change occupational performance.
By applying principles of the biomechanical frame of reference as well as existing literature, the
PI proposed that limitations in strength, particularly wrist stability, caused handwriting
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difficulties. The PI hypothesized the slant boards would provide external stability to the wrist
thereby augmenting the effects of the handwriting practice. However, only 23.8% of children in
this sample had below average grip strength. It has been suggested in previous literature that
children with handwriting difficulties have weaker pinch strength compared with their typical
peers (Engel-Yeger & Rosenblum, 2010). Although it has not been explored in the literature, it
is possible that the slant boards would not be effective for children with average or above
average strength secondary to a ceiling effect. In other words, perhaps once a child has average
strength, any additional stability does not change handwriting performance. This factor may
explain the lack of statistical significance found between groups in this sample of children. An
analysis in which the results of children with below average strength who wrote on slant boards
compared with those with average strength who wrote on slant boards was not completed
secondary to the low sample size.
Children in this study also had variation in baseline handwriting scores. While there was
no significant difference in baseline handwriting scores between the slant board and horizontal
surface group, it should be noted that only 47.6% of children in the sample had below average
handwriting scores at baseline. In the original study proposal, a more specific sample was
targeted, and handwriting difficulties were listed as inclusion criteria. The fact that the children
with average handwriting were found to decline in performance while the children with below
average handwriting were found to improve was support for the notion that this intervention may
work better for children with below average handwriting scores. This notion is consistent with
previous literature in which children with more impaired handwriting were found to make
greater improvements compared with their peers without handwriting difficulties after a
handwriting intervention (Case-Smith et al., 2012). It is possible that the scores of those with
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average handwriting diluted the potential treatment effect of slant boards in combination with
handwriting practice. Seven of the 10 participants in the slant board group had average
handwriting at baseline. Additionally, inclusion of children in the first grade as originally
proposed may have increased the possibility of achieving statistical significance. Theoretically,
these children would have had less experience in handwriting practice and instruction than their
second and third grade peers. It is possible that children with less exposure to handwriting may
have responded more positively to the intervention.
Implications for Practice
It is recommended that clinicians utilize slant boards in combination with handwriting
practice with caution. The lack of effectiveness of slant boards in combination with handwriting
practice in this study must be interpreted with extreme caution secondary to the multiple
limitations present. However, these results in conjunction with the lack of published studies on
slant board effectiveness indicated that the effectiveness of handwriting practice in combination
with slant boards remains unclear. Clinicians are advised to assess handwriting before the slant
board is introduced as well as after 20 sessions (Hoy et al., 2011) of practicing handwriting on
the slant board to determine if the intervention is helpful for a particular client.
Therapeutic dosage is an important component to clinical practice and likely influences
the effectiveness of interventions (Gee et al., 2016). Previous studies have utilized Higher
intensity sessions have been utilized in previous studies, ranging from 20 to 60 minutes with
frequencies of one to five times a week (Case-Smith et al., 2011; Case-Smith et al., 2012; Donica
et al., 2013; Graham et al., 2000; Jongmans et al., 2003; Mackay et al., 2010; Roberts et al.,
2014; Taras et al., 2011; Weintraub et al., 2009). In the dissertation study, statistically significant
gains in letter formation were made following 15 sessions that included 5 minutes of instruction

66
and 8 to 10 minutes of handwriting practice. Given the limited evidence in comparing
intervention dosages, it is recommended that when recommending therapy dosages, clinicians
should consider that low-intensity, high-frequency dosages may be effective for children with
below average handwriting skills.
Recommendations for Further Research
Future research should be conducted to provide a clear understanding of the effectiveness
of slant boards in combination with handwriting practice. There are three suggestions for future
studies. The first suggestion is to minimize distractions in the testing environment in an attempt
to prevent a threat to internal validity. Although group testing in the classroom is ideal given
time and resource constraints, it is possible that peers in the testing room could distract a
participant, causing a threat to the internal validity of the dissertation study. The PI speculated
that the distracting testing environment in the second-grade classroom negatively influenced
post-test standard scores in this study. Although the children in the slant board group as well as
the horizontal surface group were subject to the same environment, the difference in baseline and
post-testing environments limits the internal validity of this study. Future research should ideally
include individual testing in a quiet environment to minimize this threat to internal validity.
Second, it is recommended that below average strength as well as below average
handwriting scores be used as inclusion criteria in future research. As previously described, a
possible reason for a lack of statistical significance in this study is the mismatch between the
client factors and performance skills and the intervention provided. Third, as suggested by prior
research, interventions with less than 20 sessions may be ineffective (Hoy et al., 2011). These
recommendations were challenged by the improvements that were identified in the children with
below average handwriting in this study; therefore, further investigation is warranted. Although
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therapeutic dosage was likely a significant factor in regard to treatment effectiveness, it has been
understudied in the field of occupational therapy (Gee et al., 2016). As such, future research in
handwriting may also consider comparing the effects of different therapeutic dosages.
Limitations
There were several limitations maintained in this study, which included sampling
weaknesses, concerns with temporal factors, changes to the intervention, and concerns with
sample characteristics. The limitations in research design included sampling methods as well as
concerns with temporal elements. The dissertation study did not employ random sampling, and
instead, convenience sampling was utilized. Convenience sampling limited the generalizability
of the results. Random sampling was not feasible as identifying all children within the
dissertation study population was outside the scope of this study. However, once the children
were enrolled in the dissertation study, they were randomized to the experimental and control
groups to minimize the effects of demographic variation. Additional threats to internal validity
included a history threat from the testing environment, experimental mortality threat to internal
validity, and a testing threat.
The testing threat to internal validity was of significant concern. The occurrence of this
threat was secondary to a difference in testing conditions between the two groups. As previously
described, both groups completed the pre-test on a horizontal surface, but during post-testing, the
slant board group completed the testing on the slant boards while the horizontal surface group
completed the testing on a horizontal surface. The principal investigator made the choice to test
the children on the slant board secondary to the mistaken belief that this condition would
accurately measure the effectiveness of the slant board. In hindsight, this choice was a severe
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divergence from the methodological underpinnings of this study. For further discussion, please
refer to the Post-Test Data Collection section of Chapter 3.
The purpose of this study was to determine if an intervention (practicing handwriting on a
slant board) resulted in improved legibility. This aim could not be accurately addressed by the
results of this study. Rather, these results became more accurately aimed to determine if children
who wrote on slant boards after practicing on slant boards had better legibility than children who
wrote on horizontal surfaces after practicing on horizontal surfaces. The difference was that the
original aim sought to measure a change in performance after an intervention while the alteration
to testing conditions changed the dissertation study to measure a change in performance when
using an environmental modification.
The temporal factors of the research design also limited the dissertation study. It is
important to understand the long-term effects of handwriting interventions. Occupations that
involve handwriting are long-lasting and in some cases life-long (for example, academic
participation, writing checks, or writing a thank you note). As such, it is important that
handwriting interventions are identified that can make a lasting change and benefit a child’s
future occupational performance. Long-term effects were not captured in this study. Assessing
handwriting several months following completion of the intervention would have been an
additional burden to participants, which may have influenced recruitment and retention.
Moreover, it would have been unethical to have asked families to stop using slant boards or
refrain from additional handwriting interventions during this follow-up period. Also, as
previously described, the amount of handwriting practice in this study was less than
recommended in previous literature (Hoy et al., 2011; Santangelo & Graham, 2016).
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There were multiple limitations concerning the intervention. First, the intervention was
altered to exclude multi-sensory handwriting practice. This component of the HWT (Olsen &
Knapton, 2013) curriculum may have influence the results of the program as previously
described. Second, the internal reliability of the dissertation study may have been influenced by
inconsistencies in intervention delivery. The program’s teachers led six of 15 intervention
sessions (or 40%). Teachers completed a training session with the PI to review and demonstrate
understanding of the intervention protocol (see Appendix A). Teachers verbally communicated
understanding of the intervention but did not complete a formal competency check-out. The lack
of a formal check-out form to document competency during this training made a contribution to
the potential for decreased reliability of the intervention. However, the detailed directions for
presenting proper letter formation to students were provided to teachers via the Handwriting
Without Tears: 1st Grade Printing Teacher’s Guide (Olsen & Knapton, 2013). Furthermore, they
demonstrated competence in facilitating self-evaluation on the third day of the program. It is the
belief of the PI that these two factors mitigated the potential negative consequences of the lack of
a formal check-out during teacher training. It is also possible that the teachers did not accurately
report adherence to the intervention protocol. This possible variation had the potential to
confound the effects of the independent variable and, therefore, decrease the internal validity of
the dissertation study.
A third concern is the possible incongruence between the sample demographics and the
intervention. Only 23.8% of children in this sample had below average strength and only 47.6%
of children in the sample had below average handwriting scores at baseline. As previously
explained, this intervention may have been more effective if the whole sample had below
average grip strength and below average handwriting scores.
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Fourth, the testing environment was inconsistent from baseline to post-testing, especially
in the second-grade classroom. This factor presents as a history threat as this group of students
was exposed to a distracting environment during post-testing. While the two-group design helps
to control for this threat, it is still possible that the children using slant boards may have
responded differently to this environment than the children who wrote on horizontal surfaces.
Although randomization should prevent this threat, the dissertation study had a relatively small
sample. As such, qualities, such as level of distractibility and attention, may not have been
equally distributed amongst the two groups. Perhaps the children in the second-grade class who
used slant boards would have shown greater improvement than their peers in a quiet
environment.
Finally, there were multiple instances of missing data. One child from the horizontal
surface group was not present for the first half of the pre-test. Two children from the slant board
group were absent during post-testing. Also, one child misunderstood the directions for the Tree
subtest. Rather than copy the uppercase letters, the child wrote the lowercase versions of each
uppercase letter (see Appendix N for description of subtests). The child knew how to write
uppercase letters as evidenced by correctly forming letters on the post-test Tree subtest.
Therefore, the child’s score was considered invalid. As previously described, missing scores
were replaced with the average of the scores of the remaining children in the group secondary to
a priori decision to use an intention-to-treat analysis. Replacing their scores with the average
group score may have diluted the treatment effect.
Summary
This study examined the difference in handwriting legibility between children who
practiced handwriting on a slant board and children who practiced handwriting on a horizontal
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surface. The alternate hypothesis was that children who practiced on a slant board would have
greater improvements in letter formation than those who practiced on a horizontal surface. The
null hypothesis could not be rejected. The multiple limitations in this study were a factor for low
internal validity, and the continued lack of clarity surrounding the effectiveness of slant boards in
combination with handwriting practice was supported by the findings. Further research is
indicated to provide a clearer understanding of the effectiveness of this intervention.
In the secondary analyses, children with below average handwriting skills demonstrated
improvements regardless of writing surface while those with average handwriting did not
improve. It is suggested that future studies of handwriting intervention should include children
with below average handwriting. Moreover, these children improved after 15 sessions of 5
minutes of instruction and 8 to 10 minutes of handwriting practice, challenging current
assumptions regarding dosage of handwriting intervention. It is suggested by the results of this
study that low-duration, low-intensity, high-frequency dosages may result in improvements in
letter formation for children with below average handwriting. These improvements may lead to
increased participation in a variety of occupations that include writing, including academic
participation. Further investigation to determine the most beneficial dosage of handwriting
practice is warranted.
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Appendix A
Teacher Training
Materials: Slant board, Handwriting Without Tears® Teacher’s Manual, Handwriting Without
Tears® workbook, copy of participation log for teachers, copy of the following itinerary:
1. Use of slant boards
a. What they are and why we use them
b. Proper positioning
2. Wet Dry Try
a. Read Wet Dry Try instructions in Handwriting Without Tears ® teacher’s manual
b. Read over and be familiar with letter language. Each Monday the PI will provide
teachers with the two letters they will teach on Thursday and Friday so they can
be familiar with terminology for these specific letters.
3. General assistance to children
a. Teachers will encourage children by providing praise for direct actions. For
example, “I like how you bumped the lines on your O”. Or, “I love how you used
a straight line down to make your h!”
b. Teachers will redirect children to attend to the task they are completing by
providing verbal and visual cues. For example, “Max, it’s time to practice our
letter f.” Or, “We need to work on our papers for 4 more minutes and then we can
get up.” If they are unable to get the child to comply, they will find the PI for
assistance.
4. Checking work
a. Review pages 5 and 61 of HWT First Grade Teacher’s Manual.
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b. Teachers will choose one letter for each child and will tell the child “Tell me how
you did with this letter.”
i. If the work is accurate and the student says the work is “good”, give the
student a smiley face, praise, and move on.
ii. If the work is accurate and the student says the work is “not good”, ask the
student to explain. Repeat this back to them, then tell them how the letter
is accurate. For example, “I see that your letter is touching the line.”
Praise, give a smiley face, and move on.
iii. If the work is inaccurate and the student says the work is “good,” point to
the inaccurate aspect and ask them if they see something wrong. If they
do, help them to fix the mistake and move on. If they don’t, tell them
what the mistake was, help them to fix it, and move on.
iv. If work is inaccurate and the student says the work is “not good”, ask them
to identify what is not good about it. If they are correct, help them to fix it
and move on. If they are incorrect, tell them what is inaccurate, help them
to fix it, and move on.
5. Filling participation logs for teachers
a. Teachers will note if a student was absent or unwilling to participate each day.
Unwilling to participate is defined as a student who did not participate in at least
10 minutes of the handwriting curriculum as estimated by the teacher.
6. Teacher/PI meeting: meet after intervention on M-W or exchange email to discuss any
problems/concerns.
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Appendix B
Parent Letter Following Consent
Dear _________,
Thank you so much for agreeing to allow your child to participate in the Effects of
Handwriting Practice research study. The purpose of this study is to determine the effectiveness
of writing on slant boards in combination with handwriting practice. As a reminder, children in
this study will be randomized into two groups. One group will complete the 15-minute
handwriting session on a slanted surface while the other group will complete the session on a
normal flat table-top surface. Your child has been randomly placed in the ____________ group.
You are not expected to practice handwriting at home. If you do practice, we ask that
you continue to practice on a flat table top regardless of your child’s group assignment. If your
child uses any special devices to help them hold the pencil, please ensure these are sent with
them daily. If you have extras it may be a good idea to leave one at the center during the course
of this program. Please feel free to contact me with any comments or questions.

Thank you,
Kristen Brevoort

Phone: ………….
Email: …………………
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Appendix C
Descriptions of THS-R Scores
The following score descriptions are direct quotes taken from the THS-R manual (Milone, 2007)
on pages 34-35.


Score of 0:
o Letter is not written
o Letter is reversed or inverted
o Letter is written in wrong case
o Letter is written in wrong format/style (manuscript instead of cursive/
cursive instead of manuscript)
o Letter is not immediately recognizable
o Letter is rotated at an angle of 45 degrees or more from the correct
orientation
o Child is unable to write spontaneously with any degree of accuracy. The
errors below are present to an extent that the quality of the letter is
diminished significantly:





distortions



missing parts, including the dot for i or j



added parts



angles for curves



curves for angles

Score of 1:
o Letter is recognizable but somewhat distorted
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o Lines do not come together at the correct point of intersection causing a
noticeable gap
o Lines are broken and unattached
o Letter is rotated noticeably at an angle of 30 (degrees) or less from the
correct orientation
o Parts of a letter or number are unattached
o Parts of a letter or number are significantly larger or smaller than they
should be
o Double lines are used instead of single lines, with an obvious space
between the lines


Score of 2:
o Letter is written somewhat accurately but is slightly distorted
o Lines overextend beyond the point of intersection or curve
o Lines are made twice, but there is no space between the lines
o Lines are broken but attached
o Proportions of a letter or number are slightly incorrect, such as one part of
W being slightly smaller than the other
o Letter may be rotated slightly from the correct orientation



Score of 3
o Letter or number is written accurately and resembles the ideal for its style
o Letter may be rotated slightly from the correct orientation
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Appendix D
Recruitment Letter

Dear Parent/Caregiver,
My name is Kristen Brevoort and I am an occupational therapist at Cincinnati Children’s
Hospital Medical Center as well as a PhD student at Nova Southeastern University. I have been
a pediatric occupational therapist for over 8 years serving children
with a variety of difficulties, including challenges in academic
participation. I am working with the summer enrichment program
this summer to direct a handwriting curriculum for children
participating in summer programming. All children in the summer program will participate in a
handwriting curriculum for 15 minutes a day. As part of this curriculum, the children will take a
brief handwriting test on the first day of the program and again on the last day. You will be
provided with the results of these tests.
I am also completing a research study to determine if writing on a slanted surface or
writing on a flat surface is more effective. If you agree to allow your child to participate in
my research, your child will be randomly assigned to a group that completes this portion of
the curriculum on a slanted surface or a group that completes the curriculum on a regular
flat surface. Children who participate in this study will receive a $10 Target gift card. Again,
regardless of your agreement to participate, your child will receive the handwriting instruction as
part of the summer program. Children with limited active range of motion in their arms
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(difficulty moving their fingers, wrists, or arms in all the directions these body parts should
move) or children with abnormally high muscle tone are not eligible to participate in the study.
The benefit to participating in the study is that the child’s handwriting may improve.
Also, it is possible that knowledge gained through this research study will help children with
handwriting difficulties in the future. The risks and discomforts of the study are minimal.
Writing on a slanted surface may cause minimal discomfort, but no more than is experienced
during a typical school day writing on a flat surface.
If you are interested in participating in the study, please do the following:
1) Carefully review the attached informed consent document. It will provide
all the facts and details of your child’s participation. If you have ANY
questions, please do not hesitate to contact me at….
2) If you agree to participate after reading the informed consent document,
please sign the last page of the consent document.
3) If you agree to participate, please read the child-friendly assent paper to
your child and mark that they have agreed to participate.
4) Return all papers to me in the envelope provided.
Again, please do not hesitate to contact me with any questions or concerns. I will be
reaching out to you by phone and/or email within the week to ensure you have received and read
this letter. Thank you so much for your time and consideration
Kristen Brevoort, MOT, OTR/L
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Appendix E
Follow-up Email or Phone Call Script
Email:
Hello Ms./Mr. __________,
My name is Kristen Brevoort and I am an occupational therapist working with the summer
enrichment program this summer. I wanted to reach out to you to make sure you received my
letter regarding the research I am conducting at the center. If you did not receive this
information, please see the information below. Please see the attached consent form for
additional information. Feel free to email or call me if you have any questions or concerns!
Thanks so much for your time!
Kristen Brevoort

Call:
Hello, I am calling to talk with the parent or guardian of ___________.
My name is Kristen Brevoort and I am an occupational therapist working with the summer
enrichment program this summer. I mailed you a packet with a letter describing a research study
I am completing- have you had an opportunity to review it?
Yes: Wonderful! Do you have any questions for me? Are you interested in participating?
 Yes:
o Great, I just want to confirm your child does not have limited motion in
his or her arms such as difficulty moving fingers, wrists, or arms in all the
directions these body parts should move. I also want to confirm they do
not have abnormally high muscle tone.
 If parent confirms: continue to next question
 If parent states child has one of these diagnoses: Okayunfortunately your child is not eligible to participate. We suspect
that the intervention we are using will work differently for your
child than for children without this diagnosis. I very much
appreciate your time and consideration!
o Does your child typically use a slant board or write on a slanted surface on
a daily basis?
 No: continue to next question
 Yes: unfortunately your child is not eligible to participate. We
suspect that the intervention we are using will work differently for
your child than for children without this diagnosis. I very much
appreciate your time and consideration!
o Do you plan to miss more than 3 days of the program?
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No: continue to next statement
Yes: unfortunately your child is not eligible to participate. We
suspect that the intervention we are using will work differently for
your child than for children without this diagnosis. I very much
appreciate your time and consideration!
o Okay, I will wait to receive your consent documents in the mail. I will
need those at least one week before the program starts so I can ensure I
have enough materials.
No: okay, I really appreciate you taking the time to talk to me.

Have a great day!
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Appendix F
Participation Log for Teachers
Date:___________

☐

Children in slant board group used slant boards

☐

Children participated in Wet/Dry/Try

☐

Children practiced writing on worksheets

☐

Children participated in self-evaluation under guidance of adult

Please list any deviations from the above, or any additional pertinent information (e.g. child was
sick, child was having difficulty focusing, etcetera).

Student Name

Description of event
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Appendix G
Protocol Deviation Log
Date

ID

Description of Event
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Appendix H
Eligibility and Enrollment Log for Effects of Handwriting Practice
Enrollment Log
A= Absent
O= Did not participate for other reason, see protocol deviation log.

ID

Enrollment
Date

Session 1
(June 13)

1
3
4
5
6
7
8
10
11
13
14
16
18
20
21
24
25
26
27
28

(continued on next page)

Session 2
(June 14)

Session
3
(June
15)

Session
4
(June
16)

Session
5
(June
17)

Session
6
(June
20)

Session
7
(June
21)

Session
8
(June
22)
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ID

1
3
4
5
6
7
8
10
11
13
14
16
18
20
21
24
25
26
27
28

Session
9
(June
23)

Session
10
(June
24)

Session
11
(June
27)

Session
12
(June
28)

Session
13
(June
29)

Session
14
(June
30)

Session
15
(July
1)

Session
16
(July
5)

Session
17
(July
6)

Session
18
(July
7)

Session
19
(July
8)

Withdrew
from
study

Reason
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Appendix I
Operational Definition of Dependent and Independent Variables

Table 5
Operational Definition of Dependent Variable
Variable & Definition
Letter Formation: The
extent to which letters
are formed correctly.
This formation includes
orientation, closure,
strokes attached in
correct places,
proportions of
components of letter,
and the extent to which
the letter is recognizable
out of context
Note. R = Ratio

Type
R

Aim
1,2

Measure and Source
THS-R Letter
formation score

Time
Baseline,
Post
Interventi
on

How Acquired
Administer
THS-R
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Table 6
Operational Definitions of Independent Variables
Variable & Definition

Type Aim

Measure & Source

Time

How Acquired

Grip strength: Amount
of force generated by
full digit flexion
measured in pounds
converted to z-score

R

1,2,3

Dynamometer

Baseline

Grip strength
testing with
dynamometer

Age: Age in years

R

1,2,3

Baseline

Parent interview

Gender: Male or female

N

1,2,3

Baseline

Parent interview

Race: A description of a N
person’s origins as
defined by standards
utilized by the US
Census (United States
Census Bureau, 2013).
Hand dominance:
N

1,2,3

Parent report of
birthday
Parent report of
gender
Parent report of
race

Baseline

Parent interview

Parent report of
hand dominance
Parent report of
gender
Observation based
on Schwellnus et
al., 2012

Baseline

Parent interview

Baseline

Parent interview

Baseline

PI Observation

Baseline

Parent interview

Baseline

Parent interview

1,2,3

Grade: Current grade
O
1,2,3
level in school
Grasp pattern: how child N
1,2,3
holds the pencil.
Defined as being
atypical or one of four
functional patterns
defined by Schwellnus,
et al., 2012.
Occupational therapy
N
1,2,3 Parent report
services: child is
participating in
consistent occupational
therapy targeting
handwriting deficits
Pencil grip: consistent
N
1,2,3 Parent report
use of a pencil grip
device to improve
handwriting
Note. R = Ratio, N = Nominal, O = Ordinal, I = Interval.
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Appendix J
Demographic Form
Dear Parent,
Thank you again for agreeing to have your child participate in the handwriting practice
study. Please fill out the following information. We will use this information to describe the
group of children who participated in this study. As a reminder, your child’s identifying
information will be removed from this data. Upon receiving this information, we will transfer
this information to a document with your child’s study ID number, and this document will be
destroyed.
Child’s name:___________________
Date of Birth

/

Grade level this fall

1

Race

White

/
2

3

Black/African American
American Indian or Alaska Native
Asian
Native Hawaiian or Pacific Islander
Hispanic
Other race
Gender

M

F

Dominant Hand

L

R

Current outpatient OT services for handwriting

Y

N

School-based OT last year?

Y

N
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Appendix K
Email to Parents for Demographics

Hi! Thanks again for allowing your child to participate in the handwriting research study- I've
really enjoyed meeting them and working with them! I just need to know the following
information for purposes of describing the group of children who participated in the study:

1. What is your child's race? (White/Caucasian; Black/African American; American Indian/
Alaska Native; Asian; Native Hawaiian or Other Pacific Islander)
2. Do they/ will they receive outpatient OT services in June or July of this year to work on
handwriting?
3. Did they work on handwriting with an OT at school last year?

Thanks so very much! This is the last set of questions I have- I'm grateful for your time and
efforts. Please let me know if you have any questions.
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Appendix L
Data Collection Form
Participant ID: __________
Demographics
Date of Birth

/

Grade level this fall

1

Race

White

/
2

3

Black/African American
Asian
Native Hawaiian/Pacific Islander
Hispanic
Other
Gender

M

F

Dominant Hand

L

R

Grasp pattern

Dynamic tripod

Dynamic quadrupod

Lateral tripod

Lateral quadruped

Atypical
Current OT services for handwriting

Y

Consistent use of pencil grip

Pencil grip

Grip Strength
Trial 1
Trial 2
Trial 3
Average

N
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Appendix M
Teacher-PI Meeting
Date

Concerns/problems
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Appendix N
Subtest Descriptions
Table 7
Subtest Descriptions
Subtest Title
Airplane
Bus
Butterfly
Frog
Bicycle
Tree
Horse
Truck
Book
Lion

Description
Write uppercase alphabet from memory
Write lowercase alphabet from memory
Write uppercase letters from dictation
Write lowercase letters from dictation
Write numbers from dictation
Copy uppercase letters
ta letters
Copy words
Copy sentences
Write words from dictation

101
Appendix O
Specific Procedures
Recruitment letter (n = 26)

Recruitment phone call and/or email

Receive
Consent?

No

No

Was parent
able to be
contacted?
Yes

Yes
Has eligibility
been confirmed?
No

Yes

Family
interested
No ?
Yes

Will not participate in
study but will have the

Call to confirm
eligibility

opportunity to
participate in

No

handwriting intervention

Is child eligible?
as part of school’s

Yes
program.

Enroll in study (n = 21).
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Specific Procedures continued

Randomization

Pre-Test (THS-r) and grip
strength

Collect Demographics

Horizontal surface group

Slant board group

Post-Test (THS-r)
And Grip Strength
Analyze and disseminate
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Appendix P
Schedule in List Format
o Day 1: Monday (20 minutes) Pre-test
o Day 2: Tuesday (15 minutes) Pre-test


Introduce the boards and folders: decorate (5 minutes)

o Day 3: Wednesday (15 minutes) PI


Teach & Wet/Dry/Try: c,o (10 minutes)



Worksheets: c, o, words (10 minutes)

o Day 4: Thursday (15 minutes) TEACHER


Teach: d (5 minutes)



Worksheets: d, words (10 minutes)

o Day 5: Friday (15 minutes) TEACHER


Teach:g, a (5 minutes)



Worksheets: g, a, words (10 minutes)

o Day 6: Monday (15 minutes) PI


Teach:v, w (5 minutes)



Worksheets: v, w, words (10 minutes)

o Day 7: Tuesday (15 minutes) PI


Teach:u, i (5 minutes)



Worksheets: u, i, words (10 minutes)

o Day 8: Wednesday (15 minutes) PI


Teach:e, s (5 minutes)

104


Worksheets: e, s, words (10 minutes)

o Day 9: Thursday (15 minutes) TEACHER


Teach:t (5 minutes)



Worksheets: t, words (10 minutes)

o Day 10: Friday (15 minutes) TEACHER


Teach:l (5 minutes)



Worksheets: l, words (10 minutes)

o Day 11: Monday: (15 minutes) PI


Teach:k, y (5 minutes)



Worksheets: k, y words (10 minutes)

o Day 12: Tuesday: (15 minutes) PI


Teach:j, p (5 minutes)



Worksheets: j,p words (10 minutes)

o Day 13: Wednesday (15 minutes) PI


Teach:r, n (5 minutes)



Worksheets: r, n words (10 minutes)

o Day 14: Thursday: (15 minutes) TEACHER


Teach:m (5 minutes)



Worksheets: m, words (10 minutes)

o Day 15: Friday: (15 minutes) TEACHER


Teach:h (5 minutes)



Worksheets: h, words (10 minutes)

o Day 16: Tuesday: (15 minutes) PI
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Teach:b,f (5 minutes)



Worksheets: b,f words (10 minutes)

o Day 17: Wednesday: (15 minutes) PI


Teach:q, x, z (5 minutes)



Worksheets: q, x, z, words (10 minutes)

o Day 18: Thursday (20 minutes) PI


Post-test (20 minutes)

o Day 19: Friday (15 minutes) PI


Post-test (15 minutes)
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Appendix Q
Enrollment Confirmation Phone Call
Hello, this is Kristen Brevoort. I am calling in regards to your child’s participation in my
handwriting research study at the summer enrichment program this summer. I received your
informed consent and wanted to confirm that your child meets the criteria for participation.
o Does your child have difficulty moving his/her arms in all the ways they
should be able to move them?
 No: continue to next question
 Yes: Okay- unfortunately your child is not eligible to participate.
We suspect that the intervention we are using will work differently
for your child than for children without this diagnosis. I very
much appreciate your time and consideration!
o Does your child have abnormally high muscle tone?
 No: continue to next question
 Yes: Okay- unfortunately your child is not eligible to participate.
We suspect that the intervention we are using will work differently
for your child than for children without this diagnosis. I very
much appreciate your time and consideration!
o Does your child typically use a slant board or write on a slanted surface on
a daily basis?
 No: continue to next question
 Yes: unfortunately your child is not eligible to participate. We
suspect that the intervention we are using will work differently for
your child than for children without this diagnosis. I very much
appreciate your time and consideration!
o Do you plan to miss more than 3 days of the program?
 No: continue to next statement
 Yes: unfortunately your child is not eligible to participate. We
suspect that the intervention we are using will work differently for
your child than for children without this diagnosis. I very much
appreciate your time and consideration!
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Appendix R
Data Collected by Summer Program Administrators

STUDENT INFORMATION
(Please Print)
Student’s Name:
______________________________________________________________________
First Middle Last
______________________________________________________________________
Guardian’s Name(s)
____________________________________
___________________________________________
Name of Guardian With Whom Child Lives Email Address
Student’s Home
Address______________________________________________________________
Street City State Zip
Note: If you answer YES to the following question, we will contact you: Interested in Joining a
Car Pool: Yes No
Home Telephone #____________________ Cell Phone # ____________________ Phone
number to receive an emergency automated message ___________________
Child’s Date of Birth_________________ Sex: M F
Present Grade (2014-2015) _______ Present
School_____________________________________
Has your child ever repeated any grade(s)? Yes No Which grade(s)? _______
Your short/long term goals for your child:
Has your child been diagnosed with behavioral, emotional or adjustment difficulties? Yes
No If Yes, please explain:
Has your child received support services (tutoring, speech/language, LD services)? Yes No
What kind of services, with whom, and how frequent?
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Information From Classroom Teacher
Teacher’s
Name___________________________________________________Date__________________
____________ Child’s
Name______________________________________________________Current
Grade___________________
School_____________________________________________________________Phone
____________________________ Support services received this year:
_______________________________________________________________ Does this student
have an aide? No Yes (partial day full day)
Please provide comments or observations about this child’s early literacy skills:
Please provide comments or observations about this child’s math skills:
Please provide comments or observations about this child’s personal and social development:
Briefly describe this child’s strengths as a learner:
Briefly describe this child’s weaknesses as a learner:
Please check the following items that best describe this child’s areas of strengths:
Personal and Social Development
Approach to Learning
Shows eagerness and curiosity as a learner
Persists in task and seeks help when encountering a problem Is generally pleasant and
cooperative.
Self-Control
Follows rules and regulations
Manages transitions (going from one activity to the next) Demonstrates normal activity level
Interactions with Others
Interacts easily with one or more children Interacts easily with familiar adults Participates in
group activities
Plays well with others
Takes turns and shares Cleans up after play
Conflict Resolution

109
Seeks adult help when needed to resolve conflicts Uses words to resolve conflicts
Language and Literacy
Listening
Listens with understanding to directions and conversations Follows one-step directions
Follows two-step directions
Speaking
Speaks clearly enough to be understood without contextual clues Relates experiences with some
understanding of sequences of events
Literature and Reading
Listens with interest to stories read aloud Shows interest in reading-related activities Retells
information from a story
Sequences three pictures to tell a logical story
2

Writing
Uses pictures to communicate ideas
Uses scribbles, shapes, and letter-like symbols to write words or ideas
Alphabet Knowledge
Recites/sings alphabet Matches upper-case letters Matches lower-case letters Identifies uppercase letters Identifies lower-case letters
Mathematical Thinking
Patterns and Relationships
Sorts by color, shape, and size
Puts several objects in order on the basis of one attribute Recognizes simple patterns and
duplicates them
Number Concept and Operations
Rote counts to 20
Counts objects with meaning to 10 Matches numerals
Identifies by naming, numerals 0—10
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Geometry and Spatial Relations
Identifies 4 shapes—circle, square, rectangle, triangle
Demonstrates concepts of positional/directional concepts (up/down, over/under, in/out, behind/in
front of, beside/between, top/bottom, inside/outside, above/below, high/low, right/left, off/on,
first/last, far/near, go/stop)
Measurement
Shows understanding of and uses comparative words (big/little, large/small, short/long, tall/short,
slow/fast, few/many, empty/full, less/more)
Creative Arts
Identifies 10 colors: red, yellow, blue, green, orange, purple, black, white, brown, pink

